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EXECUTIVE SUMMARY 


Construction and demolition (C&D) waste landfills have largely been ignored because they 
have been viewed as innocuous in comparison to municipal solid waste (MSW) landfills and 
hazardous waste landfills. Regulators felt that since C&D landfills did not accept large quantities 
of hazardous waste and the waste was relatively stable in comparison to MSW, these landfills did 
not pose a threat to the environment. Thus, little is known about leachate generated from C&D 
landfills because they have not been well studied. 

Based on the results of a statistical analysis, the following parameters in C&D leachate 
could present a risk to human health and the environment because they exceed either primary 


groundwater standards, secondary groundwater standards, or guidance concentrations for 


groundwater: 
Methylene Chloride 1,2-Dichloroethane Cadmium Lead 
Iron Total Dissolved Solids Manganese Sulfate 


Some degradation of groundwater could occur because of the presence of these contaminants. It 
cannot be determined how far the contaminants will spread from a disposal site. There is a high 
probability groundwater monitoring wells will contain iron, manganese, and total dissolved solids 
in excess of the groundwater standards because of the extremely high levels of these contaminants 
in C&D leachate. It cannot be determined if the remaining parameters will be found in 
groundwater monitoring wells above the applicable standards. 

Standards for C&D landfills should include financial assurance, groundwater monitoring, 
corrective action, and location restrictions similar to the standards applicable to MSW landfills. 
Because of the risk for damage to human health and the environment, C&D landfills should be 
required to prove that they have the financial resources to mitigate any damage caused by the 
C&D landfill. Groundwater monitoring should be required to protect the groundwater resources, 
and if damage occurs, corrective action is needed to mitigate the damage. Location restrictions 
would protect against release of solid waste in unstable areas. 

There is insufficient data concerning volatile organics, semi-volatile organics, and other 
organics such as pesticides and herbicides, therefore further research is required to determine if 
these classes of contaminants are present in sufficient amounts to endanger human health and the 


environment. 





— MÀ 





1.0 INTRODUCTION 


1.1 Background 

The proper design of a solid waste landfill includes the consideration of leachate generation 
and its potential impact on human health and the environment. Leachate is the liquid that has 
percolated through the waste in a landfill and has extracted dissolved or suspended solids from the 
waste (Tchobanoglous et al. 1993). Considerable research has been conducted on leachate 
generated from municipal solid waste (MSW) landfills, therefore, this leachate is well 
characterized. MSW landfills generally accept all waste generated in the community with the 
exception of industrial and agriculture waste (Tchobanoglous et al. 1993). Construction and 
Demolition (C&D) waste landfills are a special category of solid waste landfills. C&D waste 
landfills accept a wide variety of waste generated by construction and demolition activities. C&D 
waste landfills have been largely ignored because they were viewed as innocuous in comparison to 
MSW landfills and hazardous waste landfills. Regulators felt that since C&D waste landfills did 
not accept hazardous waste except for hazardous waste that could not be physically separated, 
and since the waste was relatively stable in comparison to MSW, these landfills posed a minimal 
threat to the environment. Researchers have largely ignored C&D waste landfills because of this 
pervasive attitude. Thus, little is known about leachate generated from C&D waste landfills 
because these landfills have not been well studied. 

The 1984 amendments to the Resource Conservation and Recovery Act (RCRA) required 
the U. S. Environmental Protection Agency (EPA) to revise the existing standards governing 
management of household hazardous waste and hazardous waste from small quantity generators 
(EPA 1995). In 1991, regulators at the EPA issued revised criteria for MSW landfills that receive 
these two classes of hazardous waste. The revised criteria did not apply to non-MSW landfills. 
The EPA was subsequently sued for ignoring non-MSW landfills. The EPA has since issued 
proposed standards for non-MSW landfills (EPA 1995). It is anticipated that the new regulations 
will impact C&D waste landfills the greatest. Concurrent to EPA's proposed rule development, 
the State of Florida has developed rules to address the management of C&D waste in the state. 


Despite the new regulatory attention paid to C&D waste disposal operations, the basic question 








remains: To what extent does leachate from C&D waste represent a threat to human health and 
the environment? 
1.2 Composition of C&D Waste 

This study does not focus on the composition of C&D waste, but a brief introduction is 
appropriate so that leachate generated from this waste can be better understood. C&D waste is 
defined as “all waste resulting from the construction, renovation and demolition of buildings, 
roads, bridges, docks, piers, and all other structures (Spencer 1991).” The definition of C&D 
waste also shows the many sources of C&D waste. C&D waste comes from residential, 
commercial, industrial, and governmental activities. The major components of C&D waste are 
wood products, cardboard and other paper products, concrete and asphalt, plastics, metals, 
roofing materials, dirt and vegetation from landclearing operations, and other miscellaneous 
materials including carpeting, drywall, insulation, flashing, tile, and empty containers. 

Most of the waste is relatively inert, however C&D waste also contains wastes that may be 
hazardous (EPA 1995). The hazardous waste either cannot be removed from the non-hazardous 
constituents (paint, sealants), or is mixed with the C&D waste and is not identified by inspectors 
at the C&D waste landfills (paint cans, caulking tubes). The potentially hazardous materials can 
be divided into four categories: 1) excess materials and their containers, 2) waste oils, grease, and 
fluids, 3) other discrete items such as batteries, fluorescent bulbs, and appliances, and 4) 
inseparable constituents of bulk items (EPA 1995). Excess materials include paint cans with 
excess paint, caulking compounds, sealants, and fillers. Residual amounts of these items are often 
left in their containers and discarded into the dumpster. Discrete items like batteries and bulbs 
contain trace amounts of mercury and other heavy metals that may leach into the ground after 
disposal. Inseparable constituents of bulk items refer to paints, sealants, and preservatives that 
are applied to wood and metal surfaces. These paints and sealants cannot be removed from the 
bulk item once they are applied. Heavy metals and semi-volatile organic compounds are often a 
major constituent of these paints and sealants. These contaminants are released into water as it 
flows over the bulk item in a landfill. Leachate which is generated from any of these categories of 
C&D waste has the potential to contain harmful concentrations of the hazardous constituents 
found in the waste. Because these small quantities of hazardous waste are found in C&D waste, 


this waste can no longer be ignored and classified as innocuous. 


A study of three C&D waste landfills in the Houston, Texas, area concluded that over half 
of the total waste stream consists of wood, brush, and grass (Norstrom et al. 1991). These 
wastes decompose rapidly which can cause the formation of organic acids, high oxygen demand, 
and high organic content in C&D leachate. Paper and cardboard made up between 2 and 13 
percent. These materials will decompose less rapidly than the wood and brush. Concrete, rock, 
asphalt, and soil made up 15 percent of the waste. Metals made up six percent by volume of the 
waste. Various metals in the waste cause elevated levels of heavy metals, iron, and manganese. 
Rubber, plastic, and glass composed between 2 and 9 percent. Miscellaneous items such as 
roofing materials, carpet, insulation, and drywall composed between 4 and 19 percent of C&D 
waste. 

The materials found at the Houston landfills are typical at C&D waste landfills. However, 
the percentages expressed in the study by Norstrom et al. cannot be considered to by typical of all 
C&D waste landfills. C&D waste composition can vary greatly depending on the bans in place, 
the type of industry in the area, and the dumping fees for the C&D waste landfill. One of the 
largest effects will be bans on landclearing debris, grass and other materials that degrade easily. 
When these bans are in place, the oxygen demand and nitrogen loading should decrease (Hamel 
1989). Such a ban may also result in an increase in the concentration of heavy metals and other 
contaminants. As the amount of landclearing debris in the waste is reduced, the other types of 
material will make up a larger percentage of C&D waste. The increasing percentage of metals, 
gypsum wall board, cement and other materials will increase the amount of metals, sulfate, 
sodium, potassium and other contaminants in the leachate. The type of industry in the vicinity of 
the landfill will also affect the composition of C&D waste. For example, in an area that is rapidly 
expanding, a greater portion of the waste stream will come from new construction. New 
construction will tend to have higher concentrations of wood, gypsum board, and containers 
containing sealants, caulking and chemical products. If an area is fully developed, quite a bit of 
renovation work is expected. This could include road work. Demolition wastes from renovation 
can include lead-based paint, asbestos, concrete and asphalt. Demolition debris will be higher in 
these materials than in new construction. Thus, the type of industry in an area can significantly 
impact the composition of C&D waste. Finally, the fees that landfills charge can affect the 


composition of the waste. If two C&D waste landfills operate in the same geographical area, and 





one charges significantly lower tipping fees, more of the heavy debris could end up in the landfill 
with the lower tipping fee. This could shift the composition in both landfills as the landfill with 
the higher tipping fees gets less heavy materials such as concrete, and the landfill with the lower 
tipping fees receiving more heavy materials. 

In conclusion, the composition of C&D waste 1s highly variable. The specific composition 
will depend on the bans in place, industry in the area of the landfill, and the dump or tip fees 
charged at the landfill. 

1.3 Scope of Project 

C&D waste is a potential problem because it may contain small quantities of hazardous 
waste. Because of this, in the past several years C&D waste landfills have received renewed 
attention from state and local regulators. However, many aspects of C&D waste and C&D waste 
landfills are still unknown. The University of Florida recently began a project which will 
investigate some of the unknown aspects of C&D waste. The scope of the project includes 
characterizing the composition of C&D waste, conducting a full review of C&D waste landfills in 
the State of Florida, and investigating C&D leachate through a lysimeter study. There is limited 
data available on the composition of leachate generated from C&D waste landfills. A complete 
review of the limited data is needed to determine what components will be expected to represent a 
problem. This project reviews the available data on leachate generated from C&D waste landfills 
and presents a statistical analysis of the data. This project includes a complete literature review of 
the major leachate studies, a detailed description of the method taken to analyze the data, a 


thorough analysis of the statistical results, and conclusions and recommendations. 
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2.0 LITERATURE REVIEW 


2.1 Introduction 

There are a small number of reports and other documents that have addressed the 
composition of leachate from C&D waste landfills. The following sections summarize these 
reports and documents. The largest amount of information came from the report produced for 
the National Association of Demolition Contractors. However, this report only gathered, not 
analyzed, the data. The report produced for Waste Management Incorporated contains the most 
extensive round of sampling and a complete analysis of the data. As part of its rulemaking 
process, the EPA prepared a report that summarizes the existing database of leachate from C&D 
waste landfills, including the reports mentioned above. 

The work presented here summarizes available leachate data from C&D waste landfills. 
Since many of the sources of data have been presented in many different reports, the data 
presented here are referenced to the original source report when possible. The data are from 
sources believed to be leachate, not groundwater contaminated with leachate. Such sources 
include leachate collection systems from lined landfills, leachate seeps, and wells within the C&D 
waste. The data are analyzed in a later chapter. The sampling results for all of the reports 
discussed in the following sections are located in Appendix A. The depth of analysis presented in 
this report is greater than any previous study. 

2.2 "The National Association of Demolition Contractors Study 

The National Association of Demolition Contractors (NADC) hired the consultant firm of 
Gershman, Bricker & Bratton (GBB) to examine the appropriate management and/or disposal 
techniques for C&D waste. Because leachate quality from C&D waste landfills has never been 
adequately researched, GBB decided to investigate the environmental history of rubble fills or 
C&D waste landfills around the country. GBB sent letters to each State requesting information 
and data on any leachate test results submitted to the state as part of operational monitoring 
activities. The responses to these letters make up Volume I of the NADC report, which is entitled 
"Specific State-by-State Responses" (NADC 1994). The following states sent leachate data from 
operational C&D landfills: Colorado, Connecticut, Iowa, New York, South Carolina, and 


Washington. Minnesota, North Dakota, and Delaware sent groundwater monitoring results only. 





The groundwater monitoring results were not included in this investigation because contaminants 
in the groundwater are greatly diluted from raw leachate. The diluted concentrations could skew 
the results of the raw leachate data, making the mean and median values for the contaminants 
smaller and, therefore, not representative of leachate quality. The landfills that were included in 
Volume I of the NADC report and had leachate quality data are given in Table 2.1. The results of 
these surveys are included in Appendix A. 


Table 2.1: Landfills from Volume I of NADC Report 
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Volume II of the NADC report is entitled “Copies of Reports, Articles, and Other Related 








Data” (NADC 1994). There are five reports not written by GBB that are included in Volume II. 
Because four of the five reports were written by other groups or individuals, they are reported as 
separate literature sources ın this paper. Only the response provided by Brandywine Enterprises, 
Inc. is discussed in this section. Brandywine Enterprises Inc. reported leachate quality data from 
their C&D landfill, the Cross Trails Rubble Landfill in Maryland. They did not include any 
information concerning the characteristics of the landfill. Because Brandywine Enterprises 
reported volume of leachate collected and disposed, it is reasonable to assume that the landfill has 
a leachate collection system. Since landfills with leachate collection systems normally have liners, 
it can also be assumed that the landfill is lined. This second assumption is less certain than the 
first. No other information was provided by Brandywine Enterprises. 

The NADC report concluded that a “vast majority of waste received by demolition landfills 
is relatively inert” (NADC 1994). The investigators were convinced that leachate from state-of- 
the-art demolition landfills and MSW landfills are not similar in concentration or composition, 
therefore, they should not be regulated in a similar manner. They recommend that all C&D 


landfills should have: 1) trained personnel who inspect all incoming waste loads for unsuitable 





waste, 2) leachate containment system consisting of either suitable soil conditions, compaction of 
suitable soil, or other containment system, 3) groundwater monitoring system, and 4) financial 
assurance. The authors conclude that C&D landfills that follow these guidelines will not pose a 
significant threat to the environment. 

2.3 Waste Management Incorporated Study 

This is the report from the third year of an ongoing study conducted by Waste Management of 
North America (WMI) (Waste Management Inc. 1993). The purpose of the study is to 
characterize the composition of leachate from C&D waste landfills. WMI planned to use the 
results of this study to determine the type of liner needed for C&D waste landfills. The study 
began in 1991 and initially included four landfills: 1) an Ohio landfill owned by WMI, 2) a 
Kentucky landfill owned by WMI, 3) a Michigan landfill not owned by WMI, and 4) a 
Massachusetts landfill not owned by WMI. After the first year of sampling was completed, the 
investigators discovered that the Ohio landfill used steel mill slag as a granular bed within its 
leachate collection system. The steel mill slag significantly impacted the analytical results, 
therefore, the Ohio landfill was removed from the study. The investigators replaced the Ohio site 
with a Wisconsin landfill not owned by WMI in 1992. Sampling results from the Wisconsin site 
are only available for 1993. 

The leachate samples from the various landfills were analyzed for Priority Pollutants, TCLP 
parameters, Appendix IX parameters identified in the Resource Conservation and Recovery Act 
(RCRA) and located in Title 40 of the Code of Federal Regulations, Part 261, and conventional 
parameters. The document states that the samples were analyzed for parameters identified under 
Appendix II of 40 CFR Part 261, however, Appendix II of Part 261 simply refers to TCLP test 
procedures. There is not an Appendix II list of chemicals. It is uncertain what the report was 
referring to as the Appendix II list. The chemicals included in Appendix IX can exist in wastes 
and are considered to be health hazards. According to the authors, regulatory agencies often 
require Appendix IX testing to determine if groundwater contamination is occurring. The 
Appendix II list given in the report consists of 219 chemicals. A majority of the chemicals 
included in Appendix II are also included in the Appendix IX list. The Priority Pollutant list was 
developed as part of the Clean Water Act Industrial Pretreatment Program. The investigators 


included these parameters in this study because they can cause problems for wastewater treatment 








plants that process leachate. The Toxicity Characteristic Leaching Procedure (TCLP) replaced 
the EP toxicity procedure under Subtitle C of RCRA. The TCLP test is designed to more 
accurately predict the leaching potential of solid waste and to determine if the leachate is 
hazardous. The TCLP test is currently used for 39 parameters, however, the EPA is considering 
expanding the list to a total of 200 parameters. Although RCRA has not been changed, the 
investigators felt it was prudent to test for all of the parameters included on the expanded list. In 
total, the samples were analyzed for 253 parameters. This 1s by far the largest number of 
parameters that were sampled for in one study. The sampling results are included in Appendix A. 
Parameters that were detected in at least one sample from any of the landfills are included in 
Appendix A. If the samples were tested for a particular parameter, but the parameter was not 
detected in any sample, the parameter was not included in Appendix A. 

Because this is an ongoing study, the investigators analyzed the data by comparing the results 
of the 1993 sampling rounds with the results from the previous two years. The following 
conclusions were presented in the Waste Management Inc. report. The investigators concluded 
that none of the leachate from the five C&D waste landfills would be classified as hazardous 
waste because all of the samples passed the current TCLP test. The number of volatile organic 
compounds detected increased from 3 compounds in 1992 to 8 compounds in 1993. Likewise, 
the number of semi-volatile compounds detected increased from 6 in 1992 to 11 in 1993. There 
was no trend among the pesticides, herbicides, and insecticides. The number of metals detected in 
1993 remained approximately the same with arsenic, barium, chromium, lead, nickel, and zinc 
being detected the most frequently. The compounds detected in 1993 never exceeded the 
maximum contaminant levels established by the National Primary Drinking Water Standards. 
However, the amount of iron, zinc, total dissolved solids, and sulfates exceeded the National 
Drinking Water Secondary Standards at least once in 1993. Because the leachate can contain 
elevated levels of some contaminants, the investigators concluded that engineering controls, such 
as liners, leachate collection systems, and groundwater monitoring wells, should be installed at 
landfills which accept C&D waste. 

2.4 SKB Rich Valley Demolition Waste Management Facility Study 
The SKB Rich Valley Demolition Waste Management Facility is located in Inver Grove 


Heights, Minnesota. The Minnesota Pollution Control Agency issued a permit for landfill 








operations to the facility in August 1989. As part of its closure and post closure plans, the facility 
was required to assess the potential damage to the environment resulting from facility operations. 
As a result, SKB Demolition Waste Disposal contracted Nova Environmental Services Inc. to 
assess the potential for environmental damage. Interpoll Laboratories was contracted to update 
this original study in 1992 (Interpoll Laboratories 1992). 

The facility was constructed with a liner and leachate collection system. The liner was 
constructed of a two foot compacted clay base overlaid with a three foot protective drainage layer 
consisting of medium sand. The bottom layer had a maximum permeability of 1 x 10°’ cm/sec. 
The top layer had a minimum permeability of 5 x 10° cm/sec. Six inch in diameter PVC collection 
pipes were installed between the two layers to collect leachate. The leachate flows by gravity to 
collection pipes and a lift station. Leachate is collected at the lift station and transported off site 
for treatment at an industrial/domestic wastewater treatment plant. 

The landfill has accepted only construction waste and demolition debris since opening in 
1989. The waste includes concrete, brick, asphalt, stucco, rock/gravel, metal, roofing, wood and 
other miscellaneous materials. The facility does not accept yard wastes, liquids, septic tank 
pumping, vehicles, tires, machinery, appliances, fertilizers or hazardous wastes. 

Eight leachate samples were obtained during the period 1990 through 1992. . The results of 
the sampling are included in Appendix A. The first leachate sample was analyzed for both routine 
and extended parameters. Routine parameters included common heavy metals, other metals, and 
conventional parameters. Extended parameters included carcinogenic polynuclear aromatic 
hydrocarbons (PAH’s) such as benzo(g)pyrene and noncarcinogenic PAH’s such as acenaphthene 
and pyrene. The remaining seven leachate samples were analyzed for routine parameters only. 
Table 2.2 contains a list of all parameters included in this study. Appendix A contains the 
complete results of these eight sampling rounds. The samples were compared to the either the 
recommended allowable limits (RAL’s) for drinking water, maximum contaminant levels (MCL’s) 
under the Safe Drinking Water Act, secondary maximum contaminant levels (SMCL’s) under the 
Safe Drinking Water Act, or intervention limits. RAL’s apply to private drinking water standards 
in Minnesota. 

Chloride, total dissolved solids, iron, manganese, nitrate, and nitrite exceeded an SMCL 


during one or more the sampling events. The investigators believe that the high level of nitrate, 








nitrite and dissolved iron contained in the Fall 1990 results are erroneous. They performed one 
additional sampling event in January 1991 to valıdate these results. The January 1991 sample 
indicated levels of nitrate, nitrite and dissolved iron that were much more in line with the other 
sampling events. Arsenic exceeded the RAL ın the summer 1990 sample, but did not exceed the 
MCL. Methylene chloride, 1,1, 1-trichloroethane, and trichlorofluoromethane were identified in 
the spring 1990 sample, however, they did not exceed the applicable standards. The study 
reported the carcinogenic and noncarcinogenic PAH’s as cumulative totals only. The cumulative 
totals were compared to the RAL for Minnesota. The reported values for the carcinogenic and 
noncarcinogenic PAH’s exceeded the RAL levels. Since the study did not indicate the values for 
individual compounds within these categories, it cannot be determined if any MCL was exceeded. 


Table 2.2: Parameters Included in Study for SKB Rich Valley Waste Management Facility 


Manganese NONCARCINOGENIC PAH’S 
Magnesium 2,3-Dihydroindene 
Mercury Fluoranthene 
Dissolved Solids Sulfate ]-Methylnaphthalene 
Suspended Solids Zinc 2-Methylnaphthalene 
Barium* Quinolene Perylene 


SCC Dibenzothiophene Pyrene 


* Sampled only after Spring Quarter 1992. 
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Alkalinity 
Ammonia Nitrogen 
Arsenic 


Cadmium 





Chromium 


Copper 






Lead 


Calcium* 
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2.5 Sanifill C&D Waste Landfill Study 

This paper presents a composition study of construction and demolition waste and analytical 
results from leachate collected at three Houston C&D waste landfills (Norstrom et al. 1991). The 
researchers’ primary goal related to leachate was to identify elevated chemical constituents for 


tracking in a groundwater monitoring program. The researchers chose three C&D waste landfills 
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owned and operated by Sanıfill Inc. of Houston, Texas. The landfills have liners, however the 
composition of the liners is unknown. The study did not indicate whether or not the landfills had 
leachate collection systems. The landfills accepted C&D waste composed of wood, brush, grass, 
concrete, rock, asphalt, metal, rubber, glass, roofing materials, carpet and drywall. 

Two leachate wells were installed at each of the landfills. The leachate wells were installed 
by a drill rig with an 8-inch hollow stem auger. Sampling was accomplished by bailing. Samples 


were transported to the laboratory within two hours of sampling. Table 2.3 summarizes the 
salient characteristics of the landfills and leachate wells. 
Table 2.3: Leachate Well Schedule 


Well # Site Final Well Waste Sampled/ 
Cover Bottom Thickness Dry 
El. Et. El., Ft. 
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The study reported a range of values for each constituent. The results of this study are 
included in Appendix A. The study sampled for conventional parameters, heavy metals and other 
metals. Table 2.4 summarizes the parameters included in this study. Because the study reported a 
range of values, only a minimum and maximum concentration for each constituent can be 
determined. 

One or more samples exceeded the MCL for arsenic, barium, cadmium, chromium, lead and 
mercury. One or more samples exceeded the SMCL for zinc, nitrate, iron, total dissolved solids, 
manganese, and sodium. Since leachate is often treated by an industrial wastewater treatment 
plant, the researchers compared the analytical results to the limits for various constituents 
presented in the wastewater treatment plant ordinance for the City of Houston. The levels of 
barium, lead, manganese, and zinc in the leachate exceeded these wastewater limits at least once. 


The researchers concluded that C&D leachate posed a threat to groundwater quality if not 








properly contained. Also, pretreatment may be necessary if the leachate is being transported to an 
industrial wastewater treatment plant. 


Table 2.4: Parameters Included in Sanifill C&D Waste Landfill Study 


Specific Conductance Alkalinity Potassium 
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2.6 Connecticut Bulky Waste Leachate Characterization Survey 


The purpose of this study was to characterize the leachate from bulky waste landfills. The 
State of Connecticut used the information to assess the impacts from proposed bulky waste 
landfill sites (Hamel 1989). The State of Connecticut defines bulky waste as demolition debris 
and landclearing debris. The investigators initiated a six month study of five different landfills in 
1988. Between two and four sampling events occurred during the sixth month study. Appendix 
A contains the results from this study. 

The following five landfills were included in this report: 1) Deep River Bulky Waste Landfill, 2) 
Guilford Bulky Waste Landfill, 3) Glastonbury Bulky Waste Landfill, 4) Former ITI Trucking 
Terminal at South Windsor, and 5) Groton Bulky Waste Landfill. The study did not include a 
detailed description of these sites. It is unknown whether the sites have liners and leachate 
collection systems. The sites accept only demolition debris and landclearing debris. The samples 
were taken mostly from seeps at the base of the landfills. The investigators sampled for 
conventional parameters and heavy metals. Table 2.5 summarizes the parameters that were 
sampled. 

There were a total of 15 samples from the five landfills. One sample exceeded the MCL for 


cyanide. Two samples were outside the range required for pH. Thirteen samples exceeded the 





SMCL for iron. Ten samples exceeded the SMCL for total dissolved solids. All samples 
exceeded the SMCL for manganese. Eight samples exceeded the MCL for cadmium and thirteen 
samples exceeded the MCL for lead. The investigators felt that these results should be used with 
caution. Because the sites are relatively young and small with waste piled thinly over the site, the 
leachate strength could be lower than that of leachate generated at older and larger facilities. 

Also, the trend toward processing and recycling C&D waste could change the composition of 
leachate from C&D waste sites in the future. The investigators believe that reducing the 
decomposable portion of the waste stream should reduce the oxygen demand and nitrogen loading 
on surface waters. This would proportionally increase the presence of painted and processed 
building materials and metals from demolition waste, which could increase metal loading in the 


leachate. 


Table 2.5: Parameters Included in State of Connecticut Leachate Study 
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2.7 U.S. Environmental Protection Agency Summary 





At the time of publication of this report, the U.S. EPA was in the process of developing a 
rule addressing non-municipal facilities that may receive hazardous wastes from conditionally 
exempt small quantity generators (CESQGs). The rule has since been promulgated as a draft by 
the EPA. One ofthe largest categories of non-municipal facilities that could accept hazardous 
waste from CESQGs is C&D landfills. This report was prepared in support ofthe EPA’s 
rulemaking (EPA 1995). 

The information used to prepare the EPA report came from literature by the National 
Association of Demolition Contractors (NADC) and a small number of readily available reports. 


The landfills included in the EPA report are identical to the landfills included in this study with 








two exceptions. The EPA included the D&M site and Armetta property in Connecticut. The 
EPA report indicates that the data for these sites were included in the NADC leachate quality data 
report published in 1994. However, the copy of the NADC leachate quality data report used by 
this investigator did not include the D&M site or the Armetta property. The data from these sites 
were taken directly from the EPA report and is included in this report and are summarized in 
Appendix A. Because the EPA report did not include a summary of the landfill characteristics, no 
information is known about these two sites. 

The EPA report used parameter-specific regulatory and health-based benchmarks as a basis 
for screening potential risks. The Safe Drinking Water Act National Primary and Secondary 
Drinking Water Standards were used for comparison when available. When the primary and 
secondary standards were not available, the EPA report used health-based benchmarks for a 
leachate ingestion scenario. Reference-doses were used for non-carcinogenic parameters and 
risk-specific doses were used for known carcinogens. No benchmark was established if sufficient 
studies had not been conducted on a parameter. The EPA report screened out parameters that 
never exceeded the benchmarks. A median concentration was calculated for each parameter that 
exceeded the benchmark at least once. The median value was calculated by first taking the 
median value of each landfill, than computing the median value for all landfills. Because of this 
methodology, each landfill was represented only once and each landfill was weighted exactly the 
same. The median value calculated in this manner was compared to the applicable benchmark. 

Based on the number of landfills at which the benchmark was exceeded, and a comparison 
between the median and the benchmark, the EPA report felt that seven pararneters were 


“potentially problematic." The following list shows the seven parameters of concern: 


Organics Inorganics Conventional Parameters 
1, 2-dichloroethane cadmium manganese 
methylene chloride lead iron 

total dissolved solids 


For iron, manganese, and total dissolved solids, the benchmarks are secondary MCL’s that are set 
to protect water supplies for aesthetic reasons (e.g., taste) rather than for health-based reasons. 
None of the remaining four parameters exceed the health-based benchmarks by a factor of ten or 


more. This fact is significant. The investigators at the EPA believed that leachate would be 
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diluted by a factor of ten by the time ıt reached any groundwater monitoring wells or drinking 
water wells downgradient of a C&D waste landfill. Ifthe leachate was not at least ten times 
greater than the applicable groundwater standard, the groundwater resulting from the leachate 
would not exceed the applicable standards. Thus, the EPA did not believe that any of the seven 
parameters listed above would pose a problem at C&D waste landfills. 
2.8 Conclusions 

The data from each of these reports will be used to assess which chemical constituents 
found in C&D leachate could pose health and environmental problems. Appendix A contains two 
tables for each landfill identified in the literature sources discussed in the preceding section. The 
first table summarizes the landfill characteristics as reported in the literature source. The second 
table summarizes the analytical data gathered for the landfill. The parameters included in this 
table were detected at least once out of all of the data collected from the various literature 
sources. Eighty-two parameters were detected at least once. Table 2.6 on the following page 
summarizes the parameters that were analyzed for, but never detected in any sample. There were 
197 parameters that were never detected in any sample. 

The literature reviewed in the preceding sections indicate that parameters included in Table 
2.7 have been detected at levels which could pose a threat to human health and the environment. 
The analysis performed in the next section will identify the chemical parameters that seem to 


consistently pose a threat to health and the environment. 


Table 2.6 Parameters That Were Never Detected in Leachate Samples 
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Bis(2-cholorethoxy)methane N-Nitrosodimethylethylamine 
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Benzyl alcohol 2-Dichlorobenzene N-Nitrosodi-a-butylamine 


Carboni 
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Pentachloroethane 
Phenacetin 

Phenanthrene 
Phenolphthalein Alkalinity 
p-Phenylemediamine 
Phorate 

2-Picoline 

Pronamide 

Propionitrile 

Pyrene 

Pyridine 

Safrole 

Silvex; 2,4,5- TP 
Sulfotepp 

TCDD 

2,3,7,8- TCDD 

TCDE 

1,2,4,5- Tetrachlorobenzene 
1,1,1,2-Tetrachlorethane 
1,1,2,2-Tetrachlorethane 
2,3,4,6-Tetrachlorophenol 


Tetrahydrofuran 
Thionazin 

o-Toluidine 
Toxaphene 

1,2,4- Trichlorobenzene 
1.1,1-Trichloroethane 
1,1,2-Trichloroethane 
2,4,5-Trichlorophenol 
2,4.6-Trichlorophenol 


1,2,3-Trichloropropane 
1,1,2-Trıchlorotrifluorethane 
0,0,0-Triethyl phosphorothiole 
sym-Trinitrobenzene 
Vinyl acetate 

Vinyl chloride 


INORGANICS 
Thallium 


Tin 








Table 2.7: Parameters Identified as Problematic ın the Literature 


ORGANICS HEAVY METALS 











CONVENTIONAL PARAMETERS 
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3.0 Methodology for Statistical Analysis 

3.1 Introduction 

The literature sources that have been reviewed employed a variety of methods to analyze 
leachate data. The most frequent method used by the investigators was a simple comparison 
between the leachate data and a regulatory limit (primary maximum contaminant levels (MCL's), 
secondary MCL’s, or other guidance concentrations). The authors of the Waste Management 
report compared the leachate data gathered in 1993 to data gathered in 1991 and 1992. The 
authors looked for trends to determine if the leachate would be classified as a hazardous waste, 
and compared the data to the applicable groundwater standards. The EPA report of 1995 was the 
only study that attempted to statistically analyze leachate data. Investigators at the EPA 
determined a median value for each parameter at each landfill. These median values were then 
analyzed and compared to the applicable groundwater standard. The investigators at the EPA 
chose to use the median value of the combined data as the statistic to compare with the 
groundwater standards. The EPA did not use the non-detects in their calculations of the median 
values. They treated the non-detects as if they were never reported. If a sample was analyzed for 
a parameter, but the laboratory was not able to detect the parameter, the value given to the 
parameter is known as a non-detect. The laboratory reports the results as “<x”, where x is the 
method detection limit. 

The EPA conducted only a cursory statistical analysis on the leachate data (EPA 1995). 
The leachate data gathered for this report will be analyzed using statistical procedures described in 
"Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities" (EPA 1989, 1992). 
This publication is intended to assist in the evaluation of groundwater monitoring data. Although 
the data under study are from leachate, not groundwater wells, the statistical procedures given in 
the publication will handle all types of water samples. The advantage to using these statistical 
procedures is that they can handle non-detected data. Thus, the results of these statistical tests 
will be more appropriate because the non-detects were included in the study. 
3.2 Methodology 

The methods used to analyze the data are similar to the methods used in the other reports 
and studies reviewed in chapter two. The basic approach included several steps. The first step 


was to determine the mean of all the parameters for each landfill. All of data were then combined 
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and values determined for the mean and maximum concentrations for each parameter over all of 
the landfills. Other statistics such as the number of times the parameter was detected at different 
landfills were also determined. The results of these steps are included in tabular form, and for 
certain parameters, graphical form. The last step involved conducting a statistical test of the data 
to determine if parameters could pose a risk to human health and the environment. This was 
accomplished by comparing leachate data for a particular contaminant to a regulatory standard for 
groundwater. It is recognized that leachate from a landfill is more concentrated than leachate- 
contaminated groundwater, but this method provides an assessment of the level of concern which 
should be awarded a particular contaminant. The following sections will address in detail the 
methods used to analyze the data. 

The number of samples that were reported for each landfill varied from 1 to 20. The raw 
data could not be analyzed by treating all of the data as one large data set because the landfills 
with more samples would disproportionately influence the results. In order to avoid this situation, 
all of the samples at a particular landfill were averaged. The averages were then used to represent 
each landfill. This procedure ensured that each landfill was equally represented. The averaged 
data at each landfill were used to conduct the statistical analysis. 

The mean was chosen instead of the median because the mean gives a larger numeric value. 
In order to determine if a parameter is statistically the same as or greater than the applicable 
regulatory standard, a value representing the parameter is compared to the standard. The larger 
the value is, the higher the probability is that the parameter will exceed the standard. This 
investigator wants to report the worst possible scenario, therefore each parameter will be 
represented by the largest possible value. For the data being analyzed, there tends to be large 
outlying values. These data points will increase the value of the mean. The median is not 
influenced by outlying values, therefore the median value would tend to be lower than the mean. 

The data are separated into five categories: 1) volatile organics, 2) semi-volatile organics, 3) 
other organics, 4) heavy metals, and 5) conventional parameters. Most landfills analyzed for 
conventional parameters and heavy metals. Less than 10 landfills analyzed their samples for 
volatiles, semi-volatiles, and other organics such as pesticides and herbicides. To compound the 
problem, few landfills actually detected these three groups of chemicals in the leachate. It is 


difficult to conduct a full statistical analysis on these three groups because of the infrequency of 
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sampling and the large percentage of non-detects. For these three categories, the data were 
analyzed using a simple statistical procedure. For each parameter, the mean was calculated from 
the average values for the landfills. Along with the mean, the maximum concentration and the 
maximum mean value for a landfill was reported for each parameter. The data in these three 
groups were not analyzed further. 

The two remaining groups of data are heavy metals and conventional parameters. There 
were sufficient data in both these groups to perform a complete statistical analysis. There are four 
methods to handle the data depending on the number of sites that sampled for a parameter, the 
number of non-detects for a parameter, and the distribution of the data. The methods include 
Cohen’s Method, Aitchinson’s Method, the standard student t-test, and a nonparametric test. All 
methods were taken from “Statistical Analysis of Ground-Water Monitoring Data at RCRA 
Facilities" (EPA 1989). The test procedures are briefly summarized in the following sections. 

For each landfill, the mean of each parameter was computed. This mean became the 
reported value of the parameter for each landfill. The non-detects were converted to one-half the 
method detection limit. If the method detection limit was not given for a sampling round, the 
method detection limit given by “Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods” (EPA 1986) or “Methods for Chemical Analysis of Water and Wastes” (EPA 1979), 
was used in its place. In some cases, the actual test method was also unknown. For these 
instances, the sampling data from another landfill that analyzed for the same parameter were 
reviewed. The test method used for the parameter in the majority of the sampling data was 
substituted for the unknown test method. Appendix B contains a summary of the test methods 
and method detection limits used in the analysis. The mean values at each landfill were analyzed 
by all of the following statistical methods. 

3.3 Standard Student T-Test 

When comparing sampling data to a constant compliance limit, the appropriate statistical 

method is to determine a confidence interval, tolerance interval, or prediction interval, and 


compare the compliance limit to the interval. Intervals normally take the following form: 


it of , where u = average, o = Standard deviation, n= sample size, z = varies 
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The variable z varies depending on the method used and the characteristics of the data set. The 
intervals will vary in width depending on the z that is used. The main difference between the three 
intervals is the z that 1s used to construct the intervals. Confidence intervals are used when 
comparing compliance limits that are not health based. They can be less stringent, therefore the z 
is usually around 2.0 for a 95% confidence interval. Confidence intervals are widely used in 
statistical analysis (Ott 1992). The tolerance intervals and prediction intervals are specified for 
groundwater monitoring situations where the compliance officer wants to ensure that the limit is 
exceeded only a small fraction of the time. Because of this, these intervals are very stringent. The 
z’s used for the tolerance intervals are much higher than two, therefore the intervals are much 
wider than the confidence intervals. The tolerance and prediction intervals would not be 
appropriate for analyzing leachate data. As previously discussed, leachate is highly concentrated 
and is not representative of the groundwater in the area of the landfill. Applying stringent 
requirements to leachate would result in most of the parameters being identified as problems. 
Confidence intervals are less stringent than tolerance or prediction intervals, yet they will still 
identify when the mean of the leachate is approximately equal to or larger than the appropriate 
groundwater limit. 

The confidence intervals are constructed so that there ıs a 99% chance that the actual mean 
for the data is contained in the interval. The mean and standard deviation for each parameter are 


calculated. The confidence interval is constructed by the following equation: 


— 


X 9E fo oon-1) Mm where x = mean, S = standard deviation, and n = sample size 
m n 


The EPA publication recommends the following approach (EPA 1989, 1992). The approach is 
illustrated in Figures 3.1 and 3.2. Figure 3.1 shows a MCL of 100 units which is contained within 
the confidence interval that extends from 5 to 150 units. Figure 3.2 shows a MCL of 0.5 units 
which is below the same confidence interval. The EPA manual would say that the situation 
represented in Figure 3.1 is in compliance because not all of the data are above the MCL of 100 
units (EPA 1989, 1992). Figure 3.2 is out of compliance because all of the data are above the 
MCL of 0.5 units. In summary, 99% of the data must be above the MCL before the EPA 
approach would consider the parameter out of compliance. This investigator feels the EPA 


approach is not appropriate for this study. Since the confidence interval is constructed to contain 
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Figure 3.1: Example | of Confidence Intervals 
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Figure 3.2: Example 2 of Confidence Intervals 
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99% of the values that could be the actual population mean, if the MCL is within the interval, 
there is a possibility that the MCL 1s the population mean. Using this rationale, Figure 3.1 would 
be out of compliance because there is a possibility that the mean of the data equals 100 units. 
This investigator feels that ifa MCL is within the confidence interval, it should be declared a 
problem. The only way a set of data would be in compliance is if the MCL was higher than the 
entire confidence interval. Any other result will be deemed out of compliance and therefore could 
present a risk to the public health and environment. This investigator feels this combination 
approach is sufficiently conservative to identify problems, without being so conservative that 
everything is a problem. 
The student t-test can only be used when the sample contains less than 15% non-detects 

(EPA 1989). The non-detects are set at one-half of the method detection limit, and the mean and 
standard deviation are calculated including the non-detects. As stated previously, some of the 
samples did not include method detection limits. In those cases, the appropriate method detection 
level was determined based on “Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods” (EPA 1986), or “Methods for Chemical Analysis of Water and Wastes” (EPA 1979). 
Appendix B contains a summary of the test methods and the method detection limits used in this 
report. If more than 15% ofthe sample contained not detects, one of the following methods was 
used to determine the confidence intervals. 
3.4 Cohen's Method 

Cohen's method provides estimates of the sample mean and standard deviation when the 
percent of not-detects is between 15% and 50% (EPA 1989, 1992). The underlying assumption 
of thıs method ıs that all ofthe data (detects and non-detects) come from the same normal or log- 
normal population, but that the non-detects have been censored at the detection limit. This means 
that the parameter 1s present in the sample, but cannot be "seen." In order to test this assumption, 
a probability plot of the data should be constructed. To construct a probability plot, all of the 
data are ranked from smallest to largest, including the non-detects. The cumulative probability 
and normal quantiles are constructed from the ranked data. The cumulative probability is equal to 
the i/(n+1) where i is the rank and n is the sample size. The normal quantiles are simple the z 
statistic that corresponds to the cumulative probability. The actual concentrations are plotted 


against the normal quantiles. If the sample is normally distributed, the data should plot as a 
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straight line (approximately). The non-detects are not plotted. Some samples follow a log- 
normal distribution, or the log of the concentration plotted against the normal quantile is a line. In 
order to determine whether this method was appropriate, the parameters with percentages of non- 
detects between 15% and 50% where analyzed in this manner. Probability plots of the data and 
the log of the data were constructed to determine if it was appropriate to use this method. These 
plots are included in Appendix C. 

Once it was determined that this method was appropriate for a parameter, the following 


equations were used to calculate a cohen parameter, lambda: 


2 
h= (n— m , y= Yo mie: where S* = variance of detected values, 
d 


ze = mean of detected values, n= total sample size, m= total number of detected values 


The first equation calculates the fraction of non-detects, or A. The second equation calculates a 
parameter y, which is used to determine lambda. DL is the method detection limit for the 
parameter. Once is y determined, the following equation is used to determine the adjusted mean 


and sample standard deviation: 


] 
x-2 xa — A(xa - DL) and S Z(S2 t A(xa — DL)! )? , where x = adjusted mean, 


Td 


A = Cohen' s parameter based on A and h, and S = adjusted standard deviation 


All other variables in the above equation have the same meaning as previously described. These 
adjusted mean and standard deviations are used in the above student t-test to determine the 
confidence intervals. 
3.5 Atichinson Method 

The Atichinson Method may also used when a sample contains between 15% and 50% of 
non-detects (EPA 1989, 1992). The difference between the two methods lies in the assumptions. 
This method assumes that the detected values come from a normal or log-normal distribution, but 
that the non-detects are equal to zero. In order to test the assumption, a probability plot is 
constructed from the data, but the non-detects are not included in the ranking. If the plot of 
concentration versus normal quantile is linear, than the assumption is valid. This method was 


used for only one parameter, and the probability plot for the parameter is included in Appendix B. 
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The adjusted mean and standard deviation are computed based on the following equations: 


— d+ I * a2 d S d am " 
n-(d f (s ) + guisa (x X, wheres = std dev of detected values, 


A c 
H-(1-—)x ando" - 
n n=] n(n- 1) 


x = mean of detected values, n = total sample size, and d = no. of non - detects. 


The adjusted mean and standard deviation are used in a standard student t-test to compute the 
confidence interval for the parameter. 
3.6 Nonparametric Method 

A nonparametric approach is necessary if there are more than 50% but less than 90% non- 
detects (EPA 1989). The nonparametric approach is used because when there are so many non- 
detected values, the data do not follow a normal distribution. This method requires a minimum of 
7 data points. The confidence interval constructed with this method gives a two-sided, 98% 
confidence interval, corresponding to a one-sided confidence coefficient of 99%. The data are 
ordered from least to greatest with the lowest rank assigned a value of 1. The critical values of 


the ordered data are determined by the M value that is calculated as follows: 


D n, Lc A where n= sample size 


The z statistic is approximately equal to 2.33. Once M is calculated, the quantity (n+1-M) ts 
calculated. The confidence interval is equal to the data points of rank (n+1-M) and M. Ifthe 
compliance limit is within the interval or is smaller than the interval, than the parameter is a 


potential problem. 
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4.0 Analysis 
4.1 Introduction 

Each of the five groups of chemicals will be analyzed separately. A statistical test was not 
conducted on the volatile organics, semi-volatile organics and other organic compounds. The 
analysis will be limited to a direct comparison of other the minimum, maximum, and mean of the 
samples to the applicable groundwater standard. Statistical tests were conducted on the heavy 
metals and conventional parameters, therefore the results of these tests will be analyzed along 
with box plots for certain key parameters. The analysis will also attempt to identify possible 
contaminant sources for the parameters. 

In the following analysis, parameters will be deemed to be “problems” when the mean 
concentration of the parameter in the leachate exceeds the applicable groundwater standard. The 
parameter is a "problem" in leachate because it could be present in groundwater at concentrations 
that exceed the applicable standards. If the parameter was present at concentrations that exceed 
the standards, the landfill would be out of compliance. Stronger terminology cannot be used 
because there is no information on groundwater quality at these landfills. Leachate at these 
landfills will become diluted with groundwater before it reaches any groundwater monitoring 
wells. The amount of dilution will vary, therefore no inferences can be made between 
concentrations in leachate and concentrations in groundwater. The only conclusion that can be 
made is that if the concentration of a parameter in leachate does not exceed the applicable 
groundwater standards, the parameter should not be present in groundwater at levels that exceed 
the standard. Any other scenario could present a problem for the landfill. 

4.2 Volatile Organic Compounds 

Seventeen volatile organic compounds were detected in the leachate samples. Table 4.1 on 
the following page summarizes the findings for these parameters. The following nine chemicals 
never exceeded either the primary maximum contaminant level (MCL), secondary maximum 
contaminant level (SMCL), or the guidance concentration recommended by the State of Florida 
(Florida Department of Environmental Protection 1994): 

2-Butanone Carbon Disulfide 1, 1-Dichloroethane Aylenes 

Methyl Ethyl Ketone Ethyl Benzene 1,1,1-Trichloroethane Toluene 


Trichlorofluoromethane 
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These contaminants should not pose a threat to human health or the environment because they 
never exceeded the applicable groundwater standards, therefore they will not be considered 
further. Seven contaminants exceeded the groundwater standards at least once and have means 
that also exceeded the groundwater standards: 

Acetone Benzene Chloromethane 1,2-Dichloroethane 

1,4-Dioxane Methylene Chloride  Trichloroethylene 
The problem with declaring all of these contaminants a potential health problem is that some of 
these contaminants were only detected at two or three sites. Also, the mean reported in Table 4.1 
Is a conservative estimate of the actual mean because the non-detects were excluded. The data 
cannot be analyzed with any degree of confidence because the sample sizes are small and the 
number of detected values is also small. Of these compounds, only acetone was detected over 
fifty percent of the time. The mean concentration for acetone was 818 ug/l, which is only slightly 
higher than the guidance concentration of 700 ug/l. Because the mean is only slightly higher than 
the groundwater limit, and there were three non-detected values out of seven total sites, it is 
difficult to say that acetone will be a problem at C&D landfills. C&D landfills should conduct 
preliminary groundwater tests for acetone to determine if their particular site has a problem with 
this constituent. 

Although methylene chloride and 1,2-dichloroethane were only detected 33% and 44% of 
the time respectively, the mean concentrations for these contaminants greatly exceed the primary 
MCL's. The mean concentration of methylene chloride is 26.4 ug/l, which is approximately five 
times higher than the MCL of 5 ug/l. Likewise, the mean concentration of 1,2-dichloroethane 1s 
18.07 ug/l, which is approximately six times higher than the MCL of 3 ug/l. These contaminants 
could be present in groundwater at levels that exceed the groundwater standards. Therefore, they 
could pose a potential risk to health and the environment simply because when they are detected, 
they are detected at levels that greatly exceed their groundwater standards. Although more 
research 1s needed to estimate a true mean concentration for these contaminants, they should be 
regarded as problems and should C&D landfills should test for these constituents. 

The literature indicates several sources of contamination from volatile organic compounds. 
Petroleum constituents such as benzene can leach from roofing tar and asphalt (EPA 1995). 


Containers of excess solvents and oils that include many volatile compounds such as 
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1,2-Dichloroethane are routinely disposed of at C&D landfills. Acetone is a commonly used 
solvent and cleaner and 1s found in PVC glue. Acetone could find its way into C&D waste 
landfills in semi-empty containers. 

There are some apparent trends in the data for volatile organic. Of the ten landfills that 
sampled for these parameters, one landfill accounted for the majority of the highest 
concentrations. The Massachusetts site detected thirteen compounds and all thirteen were the 
highest concentrations for the compounds. The Michigan site detected nine compounds, but had 
none of the highest concentrations. The other landfills had a smaller number of detected 
compounds and a lower number of the highest concentrations. 

In conciusion, more data should be gathered on the presence of volatile organic compounds 
in leachate. The two contaminants that seem to pose a threat to human health and the 
environment are methylene chloride and 1,2-dichloroethane because when they are present, they 
greatly exceed the applicable groundwater standards. Acetone should be included in preliminary 
testing at C&D landfills because it is present frequently and at concentrations that are roughly 
equivalent to the groundwater standards. 

4.3 Semi-Volatile Organic Compounds 

Fourteen semi-volatile organic compounds were detected in the leachate samples. Table 4.2 
on the following page summarizes the findings for these parameters. The following eight 
chemicals never exceeded the guidance concentration recommended by the State of Florida 
(Florida Department of Environmental Protection 1994): 

Acenaphthene Acetophenone 2,4-Dimethylphenol Di-n-Butyl Phthalate 

Diethyl Phthalate Fluoranthene o-Creosol Pyrene 
Because the maximum concentrations for these chemicals do not exceed the recommended 
guidance concentrations, these chemicals should not pose a threat to health and the environment. 

The following five chemicals exceeds the recommended guidance concentration at least 
once: 

Benzoic Acid  Napthalene m«p-Creosol Phenathrene Phenol 
Of these chemicals, the mean concentration for napthalene, m&p-creosol, phenathrene, and 
phenol exceeded the recommended guidance concentrations. The mean concentrations were 


calculated without the non-detects, therefore, these means are a conservative estimate of the true 
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population means. Moreover, these chemicals were detected less than 40% of the time when they 
were sampled. Because of the conflicting data, it can not be determined whether these 
contaminants will pose a problem at all C&D landfills. However, leachate from C&D landfills 
should initially be analyzed for these constituents to ensure that these constituents are not present 
in harmful concentrations. Ifa leachate collection system is not installed, leachate wells should be 
installed so the leachate can be tested. If preliminary testing indicates that the leachate is free of 
these constituents, than the testing could be discontinued as long as the composition of the waste 
stream remains the same. 

Some possible sources of the contamination include wood products, adhesives, and resins 
(EPA 1995). Napthalene and m&p-Cresol are used to preserve wood products, particularly wood 
products that will be exposed to the weather like railroad ties, utility poles, and pilings. Phenol- 
formaldehyde resins are used as either adhesives or resins on wood products. Phenol is also used 
as a laminate. Phenols, xylene, napthalene, fluorene, phenanthrene, anthracene, and pyrene have 
been shown to leach from roofing felt and building insulation (Goumans 1991). Most of these 
products are applied to wood products. It would be impractical to ban wood products from C&D 
landfills. However, if a landfill is having a problem with constituents that are leaching from 
preserved wood, banning preserved wood should help to alleviate the problem. 

There are some apparent trends in the data for semi-volatile organic. Of the nine landfills 
that sampled for these parameters, two landfills account for the majority of the highest 
concentrations. The Massachusetts site detected seven compounds and had four of the highest 
concentrations. The Kentucky Site detected four compounds and all four of these were the 
highest concentrations for the compounds. The Michigan site detected seven compounds also, 
but had none of the highest concentrations. The other landfills had a smaller number of detected 
compounds and a lower number of the highest concentrations. 

In conclusion, more study is needed to determine if semi-volatile organic compounds 
contained in C&D leachate will pose a threat to human health and the environment. 

4.4 Other Organic Compounds 
This group includes herbicides, pesticides and dioxans/furans. There were nine organic 


compounds that fall in this group that were detected at least once. . Table 4.3 summarizes the 


31 


bg geg 





'spiepuejs IIYEMPUNOIZ Sfgqesipdde au popoooxo suonenuoouoo [[ypue] s3e1o4e au) jeu) sour jo JIQUINU MJ} SI SIY, (t 
'Sj29]op-uou opnjour jou s3op ueojw (c 

'S[[ypue] au) JO uone1u2ouoo s3v19oA? umnurixeul au st si p (C 

'so[dures [[e Jo po1531op Á1342 se^ jeu uonerjusouoo uimurxeul au sr sir (T 

‘SION 




















EN LS at e lee AE ADA CIS OH 
AN | 73] Se E SAS O — — Gast 
EI — 4—*——2-9 49 | og TF ec EH CU Gne 
EE a ef NPEX X Era EZ ED 413 4 € RU 
0 [11 1% € ERA A NEUE uere 
— A ee 
_ 4 224 5% [LI ee BE TE Eure 
I9A() SUESJAI 'U0) TIN PIANSA Data pojdures 
JO ON oouepirnro) ve AU | ues uad Jet sols Jey} SOUS I9joureIeqd 





‘SHURBIO I9u1() 103 —— jo —— 'E'p ƏQL L 


B2 





findings for these parameters. Of these seven compounds, the following three had means that 
exceeded the applicable groundwater standards: 

Alpha-BHC Dieldrin Disulfoton 
However, no conclusions can be reached regarding these compounds. Alpha-BHC had a mean 
concentration of .12 ug/l, which is approximately twice the guidance concentration of 0.05 ug/l. 
However, alpha-BHC was only detected once out of seven landfills. This low percentage of 
detection greatly reduces the significance of the mean concentration. Dieldrin had a mean of 0.13 
ug/l, which is approximately equal to the guidance concentration of 0.10 ug/l. Dieldrin was 
detected at two of seven sites. Again, the low percentage of detected values greatly reduces the 
significance of the mean concentration. Finally, disulfoton had a mean of 3.28 ug/l, which is 
roughly six times the guidance concentration of 0.5 ug/l. Disulfoton also was detected at fifty 
percent of the sites that sampled for it. However, only four sites sampled for disulfoton. There is 
simply not enough data to conclude anything about disulfoton. Because of the low number of 
samples and the low number of detected values, no conclusions can be reached concerning this 
group of chemicals. 

Although the literature does not identify potential sources for herbicides and pesticides, the 
source of these chemicals could be vegetation that 1s accepted at C&D landfills. 

There are some trends in the data. Of the seven landfills that tested for these compounds, 
two landfills account for seven of the nine highest concentrations. The Massachusetts site 
detected five compounds and had four of the highest concentrations. The Michigan site detected 
four compounds and had three of the highest concentrations. The other landfills had smaller 
numbers of detected compounds and the highest concentrations. 

In conclusion, more study is needed to determine if herbicides, pesticides and dioxans/furans 
contained in C&D leachate will pose a threat to human health and the environment. 

4.5 Heavy Metals 

With a few exceptions, heavy metals were sampled frequently, therefore, a statistical 
analysis was conducted on this group of parameters. The leachate samples were analyzed for 
fourteen heavy metals. Only thallium was never detected in any sample. Table 4.4 on the 
following page summarizes the findings for these parameters, including the results of the statistical 


analysis. 
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A statistical analysis could not be conducted on the data for antimony, selenium, and 
vanadium. There was not enough data gathered on antimony and vanadium to conduct a 
statistical test. Although selenium was analyzed frequently, 93% percent of the data was non- 
detects. Statistical tests fail when a data set has more than 90% non-detects. Vanadium and 
selenium should not pose a problem because the mean of the data, including non-detects, fall 
below the applicable groundwater. The mean for each landfill was calculated as the mean of all 
data with the non-detects assuming one-half the value of the method detection limit. Ifthe 
method detection limit for a sample was not known, the method detection limit was provided by 
either EPA publication SW-846, “Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods," or EPA publication EPA-600, “Methods for Chemical Analysis of Water and Wastes." 
The overall mean was determined in the same manner with non-detects assuming one-half the 
value of the method detection limit. 

For antimony, the overall mean calculated in this manner was higher than the maximum 
concentration every detected. This happened because the method detection limits for some 
landfills were much higher than the maximum concentration every detected. For antimony, only 
one site out of seven ever detected the metal and the detected value was less than the 
groundwater standard. The mean of 36.23 ug/l is very suspect because the non-detects actually 
increased the mean, instead of decreasing the mean as would normally happen. No conclusions 
can be drawn from the data that was reported. Further study is needed to conclusively determine 
if antimony poses a threat to human health and the environment. The only conclusion that can be 
drawn is that the method used to test for antimony should have a method detection limit less than 
the groundwater standard of 6 ug/l. From EPA publication SW-846, Method 7041, antimony has 
a method detection limit of 3 ug/l. 

The results of the statistical tests indicate that the following heavy metals could endanger 
human health and the environment: 

Cadmium Lead 
The statistical tests are included in Appendix D. For copper, lead, and nickel, the data had to be 
transformed into the log of the concentration. The statistical analysis was performed on the 
transformed data, then the results were converted back to the original scale. The confidence 


intervals were constructed after the data was converted back the original scale. The adjusted 
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mean calculated by Aitchinson's Method for cadmium is 31.94 ug/l. The confidence interval is (0, 
100.3) ug/l. The groundwater standard for cadmium is 5 ug/l. The confidence interval 
encompasses the mean, therefore it 1s statistical possible that actual mean for cadmium at C&D 
landfills is at least 5 ug/l. The mean is six times higher than the groundwater standard. The 
adjusted mean calculated by Cohen’s Method for lead is 8.82 ug/l. The confidence interval is 
(1.2, 66.2) ug/l. The confidence interval encompasses the mean, therefore it is statistical possible 
that actual mean for lead at C&D landfills is at least 15 ug/l. In this case the actual adjusted mean 
is less than the groundwater standard. However, the confidence interval indicates that the actual 
mean could be as high as 66.2, therefore lead does pose a risk to human health and the 
environment. 

The statistical tests for the remaining nine heavy metals indicate that there is less than a 2% 
chance that the actual mean is equal to or higher than the applicable groundwater standard. 
Therefore, these metals will be classified as not problematic and no further analysis is needed. 
4.5.1 Box Plots for Heavy Metals 

Box plots for several common heavy metals have been developed to show the distribution of 
the data. Figure 4.1 shows a typical box plot. The box shows the various percentiles for the data. 
A percentile is a measure of variability. The xth percentile of a set of measurements arranged in 
order of magnitude is that value that has x% of the measurements below it (Ott 1993). Therefore 
the 25th percentile is the value that has 25% of the data below it. The ends of the box indicate the 
25th and 75th percentile. The hash marks that extend on a line from the boxes indicate the 10th 
and 90th percentiles. Any circles indicate values beyond the 10th and 90th percentiles. The solid 
line inside the box shows the median for the data, or the 50th percentile. The dashed line either 
inside or outside the box shows the mean of the data, or the average. The solid line that extends 
from the top of the figure to the x-axis shows the applicable groundwater standard for the 
parameter. Not all box plots will include this line. 

Figures 4.2 through 4.7 show the distribution of data for arsenic, barium, cadmium, copper, 
lead and zinc respectively. The box plots are based on the means values for each parameter from 
each landfill. As can be seen, there are no data beyond the applicable groundwater standards for 
arsenic and copper. These figures agree with the statistical analysis, and these parameters do not 


appear to pose any problems. The 90th percentiles are below the groundwater standards for 
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Figure 4.1: Box Plot Example 
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Figure 4.2: Box Plot for Arsenic 
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Figure 4.3: Box Piot for Barium 
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Figure 4.4: Box Plot for Cadmium 
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Figure 4.5: Box Plot for Copper 
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Figure 4.6: Box Plot for Lead 
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Figure 4.7: Box Plot for Zinc 
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barıum and zinc. Both ofthese metals have a data point beyond the MCL, but all ofthe rest of 
the data are within compliance. The statistical tests for barium and zinc show that the means are 
below the MCL’s with a confidence of 98%. Thus, these metals are also not problems. The box 
plots for lead and cadmium show that the MCL 1s exceeded by 50% or more of the data. The 
median for cadmium is approximately equal to the MCL, therefore, a separate line for the median 
is not shown on the box plot. The box plots for lead and cadmium support the conclusions of the 
statistical tests. These metals do pose a risk to human health and the environment. 

4.5.2 Other Conclusions 

There are some discernible trends in the data for the heavy metals. The Sanifill Landfills 
(three) of Houston, Texas tested for 10 of the heavy metals. Eight of the highest means came 
from these landfills. Furthermore, nine of the means were in the top one or two values for the 
particular metals. The 100 Sand Co. Landfill of New York tested for fourteen of the heavy 
metals. Only two of the means for this landfill were the highest reported among all of the landfills. 
Five of the means were in the top one or two values for the particular metals. The remaining 
landfills either did not have any of the high mean values or had only one of the highest or second 
highest values. It appears that the Sanifill Landfills of Houston were very contaminated in 
comparison to the remaining landfills. However, removing the Sanifill Landfills from this study 
would not have significantly changed the results of the statistical tests. Lead and cadmium were 
sufficiently high at the other landfills to pose a problem, regardless of the contributions from the 
Sanifill Landfills. 

The source of heavy metal contamination is fairly well documented. Many paints and 
coating contain lead, mercury, arsenic, and cadmium, chromium, barium, and zinc (EPA 1994). 
Lead is an additive in caulking and is used in flashing. Cadmium, chromium and arsenic are used 
to preserve would in various chemical forms. Trace amounts of these metals are also included in 
common metals used for structural members, flashing, electrical wiring and many other forms of 
metals commonly used in construction. It is hardly surprising that construction and demolition 
leachate contains elevated levels of heavy metals, knowing all of the potential sources of heavy 


metals. 
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4.6 Conventional Parameters 

With a few exceptions, the conventional parameters were sampled frequently. However, not 
all conventional parameters have established groundwater standards, therefore, a statistical 
analysis was conducted only on the conventional parameters that have groundwater standards. 
The maximum and mean concentrations were reported for all parameters that did not have 
groundwater standards. 

Twenty-seven conventional parameters were tested for at least once. A statistical test was 
not conducted on the following seventeen parameters because they do not have established 


groundwater standards: 


Alkalinity Ammonia-N Biological Oxygen Demand 
Calcium Chemical Oxygen Demand Hardness 

Magnesium Oil & Grease Organic Nitrogen 

Phenols Phosphorus Potassium 

Specific Conductance Total Organic Carbon Total Organic Halogens 


Total Suspended Solids 

Table 4.5 on the following page summarizes the findings for these parameters, including the 
results of the statistical analysis. The statistical tests are included in Appendix D. For nitrate and 
nitrite, the data had to be transformed into the log of the concentration. The statistical analysis 
was performed on the transformed data, then the results were converted back to the original scale. 
The confidence intervals were constructed after the data was converted back the original scale. 

Ten conventional parameters have established groundwater standards. With one exception, 
a statistical test was conducted on these parameters. The exception is boron. Only one site, the 
Sanifill Landfills of Houston, tested for boron. The highest value of boron at these landfills 
exceeded the groundwater standards. However, because of the lack of supporting data, no 
conclusions can be drawn about boron. Six of the ten conventional parameters with groundwater 
standards could pose a risk to human health and the environment. The results of the statistical 


tests indicate that the means for the following parameters exceed the appropriate groundwater 


standard: 
Chlorides Iron Manganese 
Sodiuni Sulfate Total Dissolved Solids 


42 





‘tf IQR], WO SON 99S 
‘SOJON 














| v | vv S E MAA eo. 
EN A UN EB RE jJEC 3D SUE I EE 
OYN NN E E EA 3D E DoD ouem xut € €$ $| A SO eL. 
| SA [| (ect co. | — | oo (|  —  j|rtocc| oors Loos | spe | zr [| sr "| SPOS postossiq [elo 
Qs | CO E AAA a e | 
OYN | YN E AAA A SA AO IA OA EA ve sos 
A ee ee ee es 
0 89 Ttc] 6: i] 34 34 13998 
AAA o] jj sumo. 
OYN | I OO ET RE VOTO A DS SO | 
DN | (ro10098 * S ELIO CO E e SN 
AE LAS A en 
A AAA Aa ra eees 
SA | TL) E JE PA A A AA | 
AA AY EE, 
SER esta] [wet Tse e] om] Bann wc | span 
N Mi kt EEE AT ET TEE Eo 
A 
L NN | vN $77 X EA ESA O E A 0d | 
| VN ft OS NENNEN | BS oe EH E EA g  ermouy 
AAA js jj av 
j EF el, Tä KEN IojoureIeqd | 19joure1ed BR. ` 
(,ul9[qO1d puau 2u07) TOW TOW paJ9913q | parara porduieg 
SOSO// 2Ou2DUUO? oouepimnr) | Árepuooos | Aewug | „uesyw wussmd | WSS | JPY) SIS 19joureIegd 





'SI9]ouleIeg [euonuoAuo^) 10] T Jo Areurung :6'p o[qe 





cy 
st 








Iron, manganese and total dissolved solids had means that were dramatically higher than their 
groundwater standards. There is little doubt that these three parameters will pose a problem. The 
means for chloride, sodium, and sulfate were only slightly higher than their groundwater 
standards. Although the statistical test indicates that they could pose a problem, they will pose 
less of a problem than iron, manganese, and total dissolved solids. Concentrations for chloride, 
sodium, and sulfate could be less than the applicable standards at groundwater monitoring wells 
surrounding the C&D landfills. In all cases, the applicable groundwater standard is a secondary 
standard. Secondary standards are intended to protect water supplies for aesthetic reasons (taste, 
color) rather than health-based reasons (EPA 1995). This means that although the groundwater 
could be degraded, there is no increased risk to human health. 

4.6.1 Box Plots for Conventional Parameters 

Box plots for several conventional parameters of interest have been developed to show the 
distribution of the data. Figure 4.1 shows a typical box plot. Refer to section 4.5.1 for an 
explanation of the typical box plot. Figures 4.8 through 4.17 show the distribution of data for 
ammonia, COD, chlorides, hardness, iron, manganese, sodium, specific conductance, sulfate, and 
total dissolved solids respectively. 

Ammonia, COD, Hardness, and specific conductance do not have established groundwater 
standards, therefore, the box plots simply show the distribution of the data. Figure 4.8 shows the 
data for ammonia. The median is less than 5 mg/l and the average is approximately 20 mg/l. The 
data are grouped into low concentrations and high concentrations as is evident by the box plot. 
The median and 10th percentile are very close to each other, but the 75th and 90th percentile and 
spread out and much higher than the median. The average concentration 1s 20.42 mg/l, which 1s 
approximately equal to the 75th percentile. Figure 4.9 shows the data for COD. Again, the data 
seem to be distributed between high and low values, but the data are not as spread out as 
ammonia. The median is located around 250 mg/l, with the mean concentration equal to 754.5 
mg/l. There are several data points beyond the 90th percentile, with the highest concentration at 
over 7000 mg/l. Figure 4.11 shows the data for hardness. The data are distributed more evenly, 
although the median is still toward the lower end of the data. The mean is located at 771.80 mg/l 
and the median is at approximately 500 mg/l. There are several data points beyond the 90th 


percentile with the highest concentration being 2114 mg/l. Figure 4.15 shows the data for specific 
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Figure 4.8: Box Plot for Ammonia-N 
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Figure 4.9: Box Plot for Chemical Oxygen Demand 
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Figure 4.10: Box Plot for Chlorides 
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Figure 4.11: Box Plot for Hardness 
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Figure 4.12: Box Plot for Iron 
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Figure 4.13: Box Plot for Manganese 
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Figure 4.14: Box Plot for Sodium 
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Figure 4.15: Box Plot for Specific Conductance 
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Figure 4.16: Box Plot for Sulfate 
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Figure 4.17: Box Plot for Total Dissolved Solids 
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conductance. Again, the data are distributed between high and low values. The median is located 
very close to the 10th percentile, and the mean is higher and located closer to the 75th percentile. 
There are some data points beyond the 90th percentile with the highest concentration being 4885 
umho/cm. The mean is equal to 1666.2 umho/cm with the median at approximately 750 
umho/cm. 

Chloride, iron, manganese, sodium, sulfate, and total dissolved solids have groundwater 
standards. The standards are shown as the solid line from axis to axis on the box plots. Figure 
4.10 shows the data for chlorides. The statistical test for chloride indicates that it is a potential 
problem. The box plot does not strongly support this conclusion. Over 75% of the data are less 
than the groundwater standard. The 90th percentile and two other data points are above the 
standard. Since the statistical test is based on a 98% probability, the statistical test shows that the 
mean could be equal to or higher than the standard. A review of the box plot would indicate that 
chloride is mostly within standards. Since the leachate will be diluted by groundwater, it is 
doubtful whether the groundwater monitoring wells would show that chlorides exceed the 
standards. Although the statistical test indicates that chloride is a problem, the box plot shows 
that chloride is more likely to be within standards. More research on chlorides in leachate would 
clear up this confusion. 

Figures 4.12, 4.13 and 4.17 show the data for iron, manganese, and total dissolved solids 
respectively. There is no doubt that these parameters are problems in C&D leachate. The 
groundwater standards for all three parameters are at or below the 10th percentile, therefore the 
vast majority of the data are higher than the standards. The box plots strongly support the 
conclusions of the statistical tests for these parameters, therefore, iron manganese, and total 
dissolved solids are present in C&D leachate at levels exceeding the groundwater standards. 

Figure 4.14 shows the data for sodium. Like chloride, over 75 percent of the data are less 
than the applicable standard. The 90th percentile and a data point are above the standard. The 
statistical test indicates that sodium is a problem, but the box plot does not strongly support this 
conclusion. There are only three mean values that are over the standard with the highest of 773 
mg/l far exceeding the 90th percentile. Although the statistical test indicates that sodium is a 


problem, the box plot shows that sodium is more likely to be within standards. Further research is 
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needed to determine whether this highest value ıs an anomaly or if there is just not enough data in 
this study to adequately represent the population. 

Figure 4.15 shows the data for sulfate. A significant percentage of the data for sulfate 
exceeds the groundwater standard. The mean of 253.72 mg/lis slightly higher than the standard 
of 250 mg/l. The 75th and 90th percentiles exceed the standard. The box plot clearly supports 
the conclusion of the statistical test. Sulfate does pose a problem in C&D leachate. 

In conclusion, the box plots show that iron, manganese, total dissolved solids, and sulfate 
pose problems in C&D leachate. Further research is necessary to determine whether sodium and 
chloride are actually problems in C&D leachate. 

4.6.2 Other Conclusions 

There are trends apparent in the data for conventional parameters. Three landfills account 
for the majority of the highest and second highest mean values seen in the data. The Sanifill 
Landfills of Houston, Texas, account for 9 of the highest and 6 of the second highest mean values 
of the conventional parameters. A similar trend was seen in the data for the heavy metals. The 
Sand Co. Landfill of New York accounts for 4 of the highest and 5 of the second highest mean 
values. Again, a similar trend was seen in the data for heavy metals. The Massachusetts site 
accounts for 3 ofthe highest and 3 of the second highest mean values. A similar trend was seen in 
the data for volatiles, semi-volatiles and other organic parameters. The remaining landfills either 
did not have any of the high mean values or had only one of the highest or second highest values. 
It appears that the Sanifill Landfills of Houston and the Sand Company Landfill were very 
contaminated in comparison to the remaining landfills. 

Removing these landfills from this study would have deleted the data beyond the 90th 
percentile for both chloride and sodium. This change would have changed the results of the 
statistical tests. The confidence interval for chloride would be (59.58, 188.58), which does not 
contain the groundwater standard of 250 mg/l. The confidence interval for sodium would be (0, 
111.11), which does not contain the groundwater standard of 160 mg/l. The statistical tests 
would indicate that chloride and sodium are not problems. This conclusion is more in line with 
the data shown in the box plots for these parameters. It gives more evidence that the statistical 


test is too conservative and sodium and chloride are probably not problems in C&D leachate. 
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Removing these landfills from the study would not have changed the conclusions reached 
concerning iron, manganese, total dissolved solids, and sulfate. Iron, manganese, and sulfate were 
sufficiently high at the other landfills to pose a problem, regardless of the contributions from the 
Sanifill Landfills and Sand Co. Landfill. The highest concentrations for sulfate were seen at other 
landfills, therefore, removing these landfills from the study would not have changed the results of 
the statistical test. 

The conventional parameters are normally seen in municipal landfills, therefore, it is not 
surprising that the conventional parameters are seen in C&D leachate. Iron and manganese are 
present in a large percentage of the metals disposed of at C&D waste landfills. Sulfate is a 
constituent of the gypsum drywall that makes up a significant portion of C&D waste (EPA 1994). 
Sodium, potassium, calcium, and chloride can leach from concrete and cement compounds 
(Goumans 1991). Decaying organic matter such as cardboard, paper, and vegetation will produce 
elevated levels of COD and ammonia. The literature sources have not attempted to explain the 
high level of total dissolved solids explicitly. However, C&D waste often includes a large portion 
offines. Fines may include dirt, crushed drywall, wood, paint products, and concrete. As particle 
size decreases, chemicals such as sodium, calcium, potassium, and chromium will leach into 
liquids more readily (Goetz and Glaseker 1991). The smaller particle size of the fines could 


contribute to the higher content of dissolved solids. 


57 





5.0 CONCLUSIONS AND RECOMMENDATIONS 


5.1 Conclusions 

Based on the results of the statistical analysis, and box plots for selected parameters, the 
following parameters in C&D leachate could present a risk to human health and the environment 
because they exceed either primary groundwater standards or guidance concentrations that are 
based on health risks: 

Methylene Chloride 1, 2-Dichloroethane Cadmium Lead 
The data indicate that some degradation of groundwater could occur because of the presence of 
these contaminants. It cannot be determined from this study how far the contaminants will spread 
from a disposal site or if the levels of these contaminants are high enough to contaminant 
groundwater monitoring wells. 

The data show that the following parameters should exceed secondary groundwater 
standards: 

iron manganese total dissolved solids sulfate 
Groundwater in the vicinity of C&D landfills will be degraded. There is a high probability that 
groundwater monitoring wells will contain iron, manganese, and total dissolved solids in excess of 
the groundwater standards because of the extremely high levels of these contaminants in C&D 
leachate. It cannot be determined if the levels of sulfate present in C&D leachate are high enough 
to contaminant groundwater monitoring wells. It should be noted that while the concerns 
regarding leachate generated from C&D waste landfills has resulted from contaminants resulting 
from hazardous waste, contamination may also result from the "clean" fraction of the C&D waste 
stream. 
5.2 Recommendations 

Regulators at the EPA proposed standards for non-municipal solid waste facilities in May 
1995. The standards include the minimum criteria of location restrictions, groundwater 
monitoring as necessary to detect contamination, and corrective action (Federal Register 1995). 
Regulators believe that C&D facilities, in general, do not pose significant risks to the 
environment. The proposed standards are sufficient to minimize risk to the environment with one 


exception. This investigator feels there is sufficient evidence that leachate produced from C&D 
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landfills could degrade groundwater in the immediate vicinity of the site and that several 
contaminants could pose a risk to human health and the environment. Because of the risk for 
damage to human health and the environment, C&D waste landfills should be required to prove 
that they have the financial resources to mitigate any damage caused by the C&D waste landfill. 
Requiring financial assurance would eliminate operators that do not have the financial resources 
to correct damage caused by the landfill. The final standards for non-municipal solid waste 
facilities should require financial assurance. 

Because there are insufficient data concerning volatile organics, semi-volatile organics, and 
other organics such as pesticides and herbicides, further research is required to determine if these 
classes of contaminants are present in sufficient amounts to endanger human health and the 
environment. Further research is also required to determine whether sodium and chlorides are 
actually present in C&D leachate in quantities exceeding the applicable secondary groundwater 
standards. Until more research is conducted, operators of C&D waste landfills should conduct, at 
a minimum, annual testing for volatiles, semi-volatiles and other organics to ensure that these 


contaminants are not entering the groundwater. 
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Table A.l. Characteristics of the Armetta Landfill of Connecticut. 


LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


Armetta Landfill. 


Unknown 


Construction and Demolition Waste Landfills. 
Prepared by ICF Incorporated for 
the U.S. Environmental Protection Agency, Office of Solid Waste. 


Demolition debris and landclearing debris. 
Unknown. 
Unknown. 
Unknown. 
Unknown. 
Unknown. 


None. 
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Table A.2: Sampling for the Armetta Landfill of Connecticut. 
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LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


Table A.3: Characteristics of the Blydenburg 


Cleanfill Landfill of New York. 








Blydenburg Cleanfill Landfill, New York. 
Town of Islip 

Resource Recovery Agency 

40 Nassau Avenue 

Islip, New York 11751 


New York State Department of Environmental Conservation 
Presented in C&D Waste Landfills, Leachate Quality Data, 
Volume 1. 

Prepared by Gershman, Brickner & Bratton, Inc. 

For the National Association of Demolition Contractors. 
Demolition debris and landclearing debris. Known as "Clean Fill". 
12 acres. 

Unknown. 

Yes. 


Yes. 


Leachate sample taken from leachate collection system. 


None. 
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Sampling for the Blydenburg Cleanfill of New York. 
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Table A.5: Characteristics of the Construction Dis 








OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


Construction Disposal, Inc. (CDI) landfill, Adams County, 
Colorado. 


Construction Disposal Incorporated 

9450 Monaco Street 

Henderson, Colorado 80640 

Hazardous Materials and Waste Management Division 
Colorado Department of Health 

Presented in C&D Waste Landfills, Leachate Quality Data, 
Volume 1. 

Prepared by Gershman, Brickner & Bratton, Inc. 

For the National Association of Demolition Contractors. 
Demolition debris and landclearing debris. 

Unknown. 

Unknown. 


Unknown. 


Unknown. 


Leachate sample taken from spring water discharge culvert. 


None. 
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posal Inc. Landfill of Colorado. 
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Table A.6: Sampling for the Construction Disposal Inc. Landfill of Colorado. 
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Guidance Concentrations. Not Enforceable Standards 








LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


Table A.7: Characteristics of the Cross Trails Rubble Landfill of Marvland. 





Cross Trails Rubble Landfill, Maryland. 

Brandywine Enterprises, Inc. 

5800 Sheriff Road 

Fairmont Heights, Maryland 20743 

C&D Waste Landfills, Leachate Quality Data, Volume 2. 
Prepared by Gershman, Brickner & Bratton, Inc. for 


the National Association of Demolition Contractors. 


Construction waste and demolition debris. Specific composition 
characteristics are unknown. 


Unknown. 
Unknown. 
Unknown. 
Leachate collection system installed. 


Leachate sampled from leachate collection system. 


Maryland Department of the Environment proved the leachate data 
for this landfill. Although liner system is unknown, at least one 
liner is probable since a leachate collection system ts installed. 
Amount of leachate produced per month varies between 1,000 and 
3000 gallons. 


64 





S9 


Table A.8: Sampling for the Cross Trails Rubble Landfill of Maryland. 
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Table A.9: Characteristics of the D&M Site of Connecticut. 


LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


D&M Site, Connecticut. 
Unknown. 
Construction and Demolition Waste Landfills. 


Prepared by ICF Incorporated for 
the U.S. Environmental Protection Agency, Office of Solid Waste. 


Demolition debris and landclearing debris. 


Unknown. 


Unknown. 


Unknown. 


Unknown. 


Unknown. 


None. 
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Sanrple 1 Sample 2 Primary | Secondary | Guldanee 

Result Result MCL MCL Conc 
spi I nos 
Acetone E E N 
2-Brtanone —— 0 | /— — 4200.00 
[Carbon Disnlfide — — — | |. —— NS 
[CWeromethane — 3 — [| ES S 
1,1-Dieidoroethane — — — | — A N 700.00 
Il2-Dicerethane — — | | 
1,4: Dioxane YO] NS 500 
Ethylbenzene — f oO 
Methyl Ethyl Ketone (MEK) Y | NS 
4-Methyi-2-Pentanone IST WENN NS NS 
Methylene Chloride — | | NS NS 5 00 
Tomene 5 5 S O ONS NS 0 
Ui Trchlorocthano | | NS 
Tnchlorcethylene oo NS 
ITnelleroflnomethane — | f ^s NS 2100.00 
Xylenes (Totaly) ONS NS 
[ —— I | 
ug! 
Acenaphthene | I ns NS 20.00 
Acetophenone | | 700.00 
28000.00 
Bis( 2Z- Ethylhexyl)phthalate NS 


NS 
NS 
N 


400.00 
00.00 
5600.00 
80.00 


2,4-Dimethylphenol 
Di n- Butyl phthalate 
| Phtłralate 
Fmoranthene 
alene 
in&p-Creasol 
mCreasol 
henathrene 
henel 


~i 


e - e r 3 


Lei 
ta 


NS 
NS 
NS 
NS 
NS 
NS 


35 00 
350 00 


210.00 


ND/NS 


Herbicides/Pesticides 
Alpha-BHC 


ar 2 E 


g/l 
NS 


Le 
e 
e 


NS 
Dieldnn 
Dunethoate 
Disulfatanr 
2,4,5-T 


NS 
NS 

S NS 
NS 


70 00 
70.0 
HxCDD 
HxCDF 


ze 
q 


c c 
2 
z 2 
zii Oo E ZIZIZ = z yA r4 pr rA 
7 re lt 3 LA we tiu 2 [A u we ul Géi 
LA Le 


c 
2 
s| |l] 
S e sie 
o 


2 
a 
m 
z 


7 | rJ Un 
> = |= < E $ a = F 3 
D a 2 - = = 
CG 


Heavy Metals g/l ND/NS 

Antimon NS See Na BE ZA 

NS EM Ns] AA 

i NS 200000 | | 

Cadmium LR A 

Chrominm | Ww. | 0000 | | 

Copper pem us 1000.00 | | 

NENNEN NETTEN 150 | | 

ferc NS EE ns 200 | | 

Nickel Le NS 100.00 | ^ | 
Setenimn ES —| Ai 5000] O / | 
Silver [AO NS | 10000 | | 
Thalliurn | a NST Um | — J| a 
Vanadium po Js wm] —AX lo] NS. | | o a Je dw | 
I Ns up N | | — [ $e |^ * 
CA A A —| A UAE T ERR... | 
Conventional Parameters | ND/NS | [| mg | ND/NS. | mgl | mg! | mg | 
Biological Oxygen Demand [ENS 70 E Më al BEE E s 
Chemical Oxygen Demand MENS EEUU CE NS E 2. 
Chlorides | SS aos . —| E g — 
N e ve oz, 
Ammonia, Nitrogen MENS A AA NS AA E AA 
Organic Nitrogen AAA AA ns eh | a 
Nitrate SEO O A NSES- — | e I 
Nitrite | NS a A A ME A 4 
E EI zou a || ox 3 
Oi! and Grease EB —| ws | |AMM S MN [3 Ju 3. 
72008 0 -| — ——| oo || — | OS 
henols (Total | NEP ENS |—— |o] Ns |--| 3 |o | 
Phosphonis ERA. A A A uS | AE | ——— 
A AO | NA coe | eee) lee 
otal Dissolved Solids Peu Ju ee 2900.00 | e (Seet soo00s]  — 
Suli A | [| I A A E oa — 1] 
[Total Organic Carbon — 8n — | | uas O T] | | us |  [. | 1 
TOC(Dupico ie [E ux] 9v | — | ws] [|  — qu | 4 
Total Organic Halogens n — | — || ms |l | | [Nus | |]. T 1 
Een NA AS A  w [| — 4 
Manges —— —— X I- v wm Ns | —S*I- — 2052] | 
OC! i NS SE | LA — 
Sodynn ls Y Y Y ns | oo S S 
ET e (al NS | oi | | —7 
Ce ns a AS A ——[ 
i eo NS | | 3| E -| || 
pan ma —0—| — 1| NER] ^ | | N A 1| de 
Specific Condnctance tahen | | ns |j | — | Ns | ^] 1 1| 1 


NS - Not Sampled 

ND - Not Detected 

Det Lunit - Sampling Detection Lirni 

MCL + Maxımum Contasninan Level; Enforeeable Groundwater Standardi 


SMEL- Secondary Madiun Conlarnitnn Level; Enforceable Groundwater Standards 
Guidance Concauraiions- Hot Laforceable supudar di 


Table A.10; Sampling for the D and M Landfill of Connecticut. 





Table A.11: Characteristics of the Deep River Bulky Waste Landfill of Connecticut. 


LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


BEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


Deep River Bulky Waste Landfill, Connecticut. 

Unknown. 

Bulky Waste Leachate Characterization Survey 

Maurice Hamel, Connecticut Department of Environmental 
Protection 

Presented in C&D Waste Landfills, Leachate Quality Data, 
Volume 2. 

Prepared by Gershman, Brickner & Bratton, Inc. 

For the National Association of Demolition Contractors. 
Demolition debris and landclearing debris. Includes scrap metal. 
4 acres. 

Opened in 1976. 


Unknown. 


Unknown. 


Leachate sample taken from seep at base of fill at edge of wetland. 


There is black manganese staining at the seep. Ammonia 
concentrations are consistently elevated suggesting siting or 
operational problems. 
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Table A.12: Sampling for the Deep River Bulky Waste Landfill of Connecticut. 
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ND - Not Detected 


Det Lunit - Sampling Detection Lünil 
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SMCL- Secondary Maxirmirn Coutanisard Level, Enforceable Groundwaler Standardı 


CGusdarsce Conceniraticns- No: Enforcesble Standards 


Table A.13: Characteristics of the Des Moines Landfill #4 of Iowa. 


LANDFILL: 
OWNER/OPERATOR: 


[LITERATURE SOURCE: 


WASTE TYPE: 
ACREAGE: 

YEARS IN SERVICE: 
LINER SYSTEM: 


LEACHATE SYSTEM: 


[LEACHATE SAMPLE: 


MISCELLANEOUS: 


Des Moines Landfill #4 SLF, Iowa. 

Unknown. 

State of lowa, Department of Natural Resources 
Presented in C&D Waste Landfills, Leachate Quality Data, 
Volume 1. 

Prepared by Gershman, Brickner & Bratton, Inc. 

For the National Association of Demolition Contractors. 
Demolition debris and landclearing debris. 

Unknown. 

Unknown. 

Unknown. 

Unknown. 


Leachate sample taken from leachate wells. 


None. 
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Table A.14: Sampling for the Des Moines Landfill #4 of Iowa. 














6258/93 Primary | Secondary | Guidance 
Result Det Limit] MCL MCL Conc 
Volatiles NDINS 
E ME. A 
¡| EM 4200 00 
Carbon Disulfide Ween poe | 
= zu E 
E 700.00 
[AND 40 
1,4 Dioxane AAN B | 
Ee 
BEEN NS Hx 4200.00 
| NS eed 
| $00 | 
‚1,1 Tnehloroethane pc 
à 20 
MT 2100 00 


12.30 10000.00 


20.00 
700.00 


cenaphihene 


= 


"3 


E E 


enzoic Acid 28000 00 
(2-Ethylhexyl)phthalate 

‚„4-Dimethylpheuol 
-n-Butyl phthalate 


Diethyl Phthalate 


00.00 

00.00 
00 
80.00 


a 


Lat ini E 
LA 
3 e S 


apthalene 
in& p-Creosol 
mCreoso] 

henatlirene 


w 
^ 
2 
S 


Tene 10 00 210.00 


z , 
z\-|z|z|ziz|z|z|z|z|z|z| |z|z|5 z z|ziziz 
ke eBREEE BEE 2 | la || Pe] Mk eef 
u^ 
= 2 = 
= 
a u 2 a 


| 1000 | 

| 1000 — 

| 21000. 

BARS NK * 

Herbicides/Pesticides NDS | | 
-BHC | ND | 00 | [E [o os E) 
E A a 35) — |] " V7 

Dieldnn m o ep 108 
Dimethoate ENS TEE Jat? 
Disnlfaton ES 0 
FEN NS | — | X J| «— | 7o _ 
A-D ENSE| — 70! M] 1 
HxCDD LI 1 ——[T . 1 
HxCDF [pns p-— cu] o 1, 
E uuum wl. d 

gi |NpNs| et | wen | wa 

Antimon Eu [Zu ee — 
lest Ts | 

Barin E Ns [ae ee [i000 ee 
Cadmimn Enot mioni ao uw | 
Cluomimn | ND [| 3000 | 10000 | J — — | 
Copper 7200 | — — | 3000 Domat — ]| | 
mago paso | 19008] — — —|—— — — 

Mercu [050 Zeenen Te 
Nickel |. | No | sooo [| 100 | | | 
Selenium | | no | wo | 5000.] —Á«- | 1 
Sv | oe | ws |». jw 
DEn ls ae ae eee 
amgang ee | ANS] A A 490g 
Zinc | 40300 [— [| 3000 | — | 50000] | 
ee) A D a 
Conventional Parameters —. | wgi | NDNs | | men | men | men | 
Biological Oxygen Deinand ME A A |] - | 
¡Chenucal Oxygen Demand Y 1000 | —— | 390 | II" 
Chemdes — — — — — | 15:00 | | 100 | | 200 | 1 
Cyanide | | ND | 09 020 NN 
Artunmus, Nitrogen — [ 1&40 | —— | 100 | 5 [| ojo | 
Organic Nitrogen, — — — | $010 | | 00 | — | 2 | 
Notes | | — —EuND | o |-300] — |]... 
NO Ns | «X [1 | —| ee 
ben: oa = |[—003 |] — —] 031]  — 
Ola E Ns Je [ — 
pho ga lee [9] 655 | .— 
DUNASO | ns wp ee NENNEN 
Tinie’ SSS eee Se | —— — 
(TotalSuspended Scis —  — — [610000] — — | 1:00 | — | Y | 
Total Dissolved Sotiás NS ]|  —]| $000] «6 
Suc MANN c | TS | p | 2500 | ——— 
Total Organic Carbon, — — | Yo ss fp | X | 
TOS (PAM | NS a AA 
Magesug ET we ET 
Mangenese TT we ae ET 
Potassium [ noo |. T1 01. | — [| | 
inna ccc cM x A CA EA | 
Am ER NS | A 
E | ns a TA | 
AS E ACES | O A A 
A a sl me jo 
Specific Conductance (umber) | I ns | | | | — 


NS - Noi Sxnpled 

ND - Not Detected 

Da Lünit - Sanpluig Detection Litnil 

MCL - Maimun Contaminant Level, Enforceable Groundwater Standards 


SMCL- Secondary Maxituim Contuninant Level; Erforceable Groundwater Standards 
Sublause Com asexionze Nay Egnfeocceable St alar la 





Table A.15: Characteristics of the Des Moines Landfill #5 of lowa. 


LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


BVASTE TYPE: 


ACREAGE: 


BEARS IN SERVICE: 


LINER SYSTEM: 


EEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


Des Moines Landfill £5 SLF, Iowa. 

Unknown. 

State of Iowa, Department of Natural Resources 
Presented in C&D Waste Landfills, Leachate Quality Data, 
Volume 1. 

Prepared by Gershman, Brickner & Bratton, Inc. 

For the National Association of Demolition Contractors. 
Demolition debris and landclearing debris. 

Unknown. 

Unknown. 

Unknown. 

Unknown. 


Leachate sample taken from leachate wells. 


None. 
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Table A.16: Sampling for the Des Moines Landfill #5 of lowa. 














6/25/93 Primary | Secondary [ Guidance 
Resuli MCL MCL, Conc 
u | 
Acetone SS HN  -——| | 709,90 
2-Bntanene ENS | Nw Y 0 
Carbon Disulfide Fre 5 | EE |. 700.00 
Chloromethane CA ae | 2.70 
1-Dicllorcethane | $60 | Fr 
2-Dichloroethane Bo! 300 [ | 
A-Dioxarie E NM VET e 
thylbenzene | moo — | 70000 | 
ethyl Ethyl Ketone (MEK | N noe | ae Ra 
-Methyl-2-Pentanone E . Sa. 
[ethylene Chloride E — MEA 
Tohtene OS [100000] | 
‚1,1 Tneldoroetliane | | | 20000 | | 
Trehloroethylene eS || 200 | 
richlorofhiaromethane | A 
Xylenes (Total 10000 00 
ME 
Semi- Voiatites 


20.00 
700.00 


Acenaphtheue 
cclopliertone 
enzoic Acid 28000.00 
is(2-Ethylhexyl)phthatate 
,A-Dimethylphenal 

Di-n-Butyl plithalate 

Dieihy! Phihalate 
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Napthalene 
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: S E 3 & S D 3 2 sis 
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z|z|ziziz z|z|ziz|ziziz 2 Zz) iz y 

w Le 
E 
| si- u E 
213 = E 


t 


6 80 
35, 
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© un E 


0.05 
2.00 
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Heavy Metals 
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Lei 
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Cadmmin 
Chramn 
Copper 


$ 00 
100 00 
1000 0 
15.00 


ND 30.00 
30 00 


5 00 


57.0 
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0.50 
99 0 


Mercu 
Nickel 
Selenmm 
Suver 
Thallnin 
Vanadivm 
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50.00 
10.00 
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49 00 
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Conventional Parameters mg/l ND/NS mg/l 
Biologcal Oxygen Demand EEE H 

Chemical Oxygen Demand — — [ 1400 | " | 

Chones [3980 [^ ^ 190 00 
Cyanide YY Do | 0.20 

Auunenia, Nitropen |  — | wp | 

Organic Nivogen — | mo] | 

Nitrate E TC up | 10.00 

Niste RR | 

ke a o 030 
Oiland Grease CdS ë eh 
SS REES | 65:85 | 
Phenols (Total) ns | can 
Phesphoms 0  ] — [ wp [^10 ^ ES 
Total Suspended Solids — — [ — | 1000 [100 — E we 
Tatal Dissolved Sotids — — — T — | ns | | 
site ns | — 
Total Organic Carbon | — (| ws | E tv 
[roc(Dupicae) Cat |) ESSI | 
TetlOrgacHalges — | I ns | ^ E 
Men "Uewe" ae 
Mangenese ke NS OS 
Pomssmm con e E 
sumo E] Jm Ns |  —sxioeo | SEE | 
Alkabaty e 7 E | 
Ech EE | A a | 
Hardness O. ons | 1 E X 
Bem | mu A AE NA E 7 
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NS - Not Sunpled 

ND - Not Detected 

Da Lunil - Sampling Detection Lerni 

MCL - Maximum Contamina Level; Enforceable Greondwaler SLandards 


SMCT- Secondary Maxiruin Coniuininark Level, Enforceable Growidwater Standards 
Gurdusce Coc avrationg: Nut direble a dr ido 





Table A.17: Characteristics of the Glastonbury Bulky Waste Landfill of Connecticut. 


LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


BEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


Glastonbury Bulky Waste Landfill, Connecticut. 
Unknown. 

Bulky Waste Leachate Characterization Survey 

Maurice Hamel, Connecticut Department of Environmental 
Protection 

Presented in C&D Waste Landfills, Leachate Quality Data, 
Volume 2. 

Prepared by Gershman, Brickner & Bratton, Inc. 

For the National Association of Demolition Contractors. 
Demolition debris and landclearing debris. 

15 acres. 

Opened in 1977. 

Unknown. 


Unknown. 


Leachate sample taken from monitor well B2, approximately 10 
feet from the toe of the landfill. 


None. 
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Table A.18: Sampling for the Glastonbury Bulky Waste Landfill of Connecticut. 

















July-1988 Aupust-1988 October-1988 December-1988 Secondary | Guldance 

Result Det Limit Result Result Result MCL MCL Cone 
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700.00 


uuo 


NS 28000.00 


f. 


400.00 
700.00 
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Table A.19: Characteristics of the Groton Bulky Waste Landfill of Connecticut. 





LANDFILL: 


OWNER/OPERAT OR: 


LITERATURE SOURCE: 


BVASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 





Groton Bulky Waste Landfill, Connecticut. 

Unknown. 

Bulky Waste Leachate Characterization Survey 

Maurice Hamel, Connecticut Department of Environmental 
Protection 

Presented in C&D Waste Landfills, Leachate Quality Data, 
Volume 2. 

Prepared by Gershman, Brickner & Bratton, Inc. 

For the National Association of Demolition Contractors. 
Demolition debris and landclearing debris. 

33 acres. 

Opened in 1978. 

Unknown. 


Unknown. 


Leachate sample taken from seep at the toe of landfill. 


None. 
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Table A.20: Sampling for the Groton Wells Bulky Waste Landfill of Connecticut. 
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LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


Table A.21: Characteristics of the Guilford Bulky Waste Landfill of Connecticut. 





Guilford Bulky Waste Landfill, Connecticut. 

Unknown. 

Bulky Waste Leachate Characterization Survey 

Maurice Hamel, Connecticut Department of Environmental 
Protection 

Presented in C&D Waste Landfills, Leachate Quality Data, 
Volume 2. 

Prepared by Gershman, Brickner & Bratton, Inc. 

For the National Association of Demolition Contractors. 
Demolition debris and landclearing debris and wood. 

5 acres. 

Opened in 1973. 

Unknown. 


Unknown. 


Leachate sample taken from seep 100 feet southeast of culvert at a 
stone wall. 


Runoff may sometimes dilute samples. 
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Table A.22: Sampling for the Guilford Bulky Waste Laudfill of Connecticut. 
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SMCL- Secondary Maximum Containinant Level; Enforceable Groundwater Slandards 


MCL - Maxupum Containinant Level, Enforceable Groundwater Standards 
Guiduitce Comadrations- Plot Enforceable Starvfar.ds 
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Table A.23: Characteristics of the Kentucky Site. 





LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 





Kentucky Site 


Waste Management of North America, Inc. 
3003 Butterfield Road 
Oak Brook, IL 60521 


Construction and Demolition Landfill Leachate Characterization 
Study 

Prepared by Rust Environments & Infrastructure for 

WMX Technologies, Inc. 

Construction waste and demolition debris. Includes brick, 
concrete, wood, plaster, plumbing fixtures, soil, rock, sawdust, 
metals, furniture, insulation, roofing materials. Yard waste, tires, 
and paper are not accepted. 

13.5 acres. 

Opened in August 1985 and closed in November 1991. 


None. 


None. 


Leachate sample obtained by digging down 20 feet into the landfill 
until liquid was found. 


None. 
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Table A.24: Sampling for the Kentucky Site. 
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Table A.25: Characteristics of the Massachusetts Site. 


LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


Massachusetts Site 

Unknown. 

Construction and Demolition Landfill Leachate Characterization 
Study 

Prepared by Rust Environments & Infrastructure for 

WMX Technologies, Inc. 

Construction waste and demolition debris. Includes wood, plaster, 
roofing materials, fencing, telephone poles, tires, and appliances. 
Does not accept special waste such as asbestos. 

4 acres. 

Opened ın November 1989. 

60-mil HDPE liner. 

Yes. 


Leachate sample taken from a composite of two leachate tanks 
which drain the three active landfill cells. 


Waste Management reported the analytical results from this landfill, 
but did not identify the location or the owner/operators of the 
landfill. 
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Table A.26: Sampling for the Massachusetts Site. 
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NS - Not Sarnpled 


ND : Noi Detected 


Det Linit : Sampling Detection Limit 


MCL Maximum Cortairuna Level; Enforceable Groundwater Sandards 


SMCL- Secondary Maxiinuin Contaniunat Level; Enforceable Groundwater Standarda 


Quidwice Cyncaudrativns- Nol Exfoecesble Stantards 








LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


BVASTE TYPE: 


ACREAGE: 


NEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


Table A.27: Characteristics of the Michi 


an Site. 





Michigan Site 

Waste Management of North America, Inc. 

3003 Butterfield Road 

Oak Brook, IL 60521 

Construction and Demolition Landfill Leachate Characterization 
Study 

Prepared by Rust Environments & Infrastructure for 

WMX Technologies, Inc. 

Construction waste and demolition debris. Includes concrete, 
brick, wooden pallets, and brush. Does not accept white goods or 
tires. 

2 acres. 

Opened in June 1990. 

30-mil PVC liner. 


Yes. 


Leachate sample taken from a leachate manhole in the C&D portion 
of the landfill. 


None. 
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Table A.28: Sampling for the Michigan Site. 
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SMCL- Secondary Maxiinum Conlarntram Level, Enforccab]le Groundwater Sundards 
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EANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


Table A.29: Characteristics of the Mount Olivet Landfill, Seattle, Washin 


ton. 








Mount Olivet Landfill, Seattle, Washington. 

Fioorillo Northwest, Inc. 

Post Office Box 66826 

Seattle, Washington 98166-0826 

Washington State Department of Ecology 

Presented in C&D Waste Landfills, Leachate Quality Data, 
Volume 1. 

Prepared by Gershman, Brickner & Bratton, Inc. 

For the National Association of Demolition Contractors. 
Demolition debris and landclearing debris. 

Unknown. 

Unknown. 

Unknown. 

Unknown. 


West and East Leachate Ponds. 


None. 
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Table A.30: Sampling for the Mt. Olivet Landfill of Washington. 
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NS - Not Sanpted 
ND - Not Detecied 


Det Lirait - Sampling Detection Limit 
MCL - Maxumun Contaninant Level; Enforceable Groundwater Standards 


SMCI- Secondary Maximin Contaminant Level; E:forceable Groundwater Standards 


Quidance Cinc armies: Not Daforecabie Stma de 





Table A.31: Characteristics of the 110 Sand Company Clean Fill Landfill of New York. 


LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


110 Sand Company Clean Fill Landfill, New York. 

Broad Hollow Estates/110 Sand Company 

170 Cabot Street 

West Babylon, New York 11704 

New York State Department of Environmental Conservation 
Presented in C&D Waste Landfills, Leachate Quality Data, 
Volume 1. 

Prepared by Gershman, Brickner & Bratton, Inc. 

For the National Association of Demolition Contractors. 
Demolition debris and landclearing debris. 

12.1 acres in Phase V. Capacity 3,300,000 cubic yards. 
Unknown. 

Double Liner. 


Yes. 


Leachate sample taken from leachate collection system. 


None. 
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Table A-32a: Sampling for the 100 Sand Company Cleanfill of New York 
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Table A.32b: Sampling for the 100 Sand Company Cleanfill of New York. 


oU he 
ees nn 


slslst-Je 8 S e| J2) ielelelel-lelels] Op | [| 
E $ z : | 
T : 8 o x S = v^ 
É E I MIA LT. d «ITE I DUU) 


Primary 
MCL 
u 
0.20 
meas 
a 
| 1000. 
[100 | 
E 3 
LN | 
E] 
Bes 
O 
WC 
m» x 
FS 
SE 
EB 
| 
| MEME, 
CS | 
| 16000 | 
— 
E 28 
E 
SE 
inm. 


sje S 
EBENE $ si je 8 $ Slslslëlsleg sl |e 
SI" E ` SE EIS SIEIEI |r | 
- CH = = 
al 3 
cl E 
uni wn wi “iu v^ uiu Gei ele Le laden kin Ten Tin len ken nin] d d , C , 
$ s| [8/3 S S 8 SES s JE 
ls æ 2 c 2 |g[s a SIS 
5 sl 218 5 
o] Als = 
s 3 a 
MiInIiNnin nin Nnininin iw min APALNA ALAE A A Al Ala A Lëi ) 5 2 
z|zizizizizleiziziziz z| 15|212]2]212]7 ziziziziziziziz 212121212121212 z z 212212 7 
SENT SI), Es TT BIB Ilii 
m ch 
wy — 
g sja 
2 | 
Z A) 
ajajaja www i[viwinw| [€ lun ajajaja AE 
í ak z|z|ziziziziziziziz z|z|ziz Z 221212] z 
3 
c 
ex 
2 & 
^ S 
E 
= SIS gn 
X se 00 HL: 
un AENA RU N pN LNA LNA LA lA |A Lë dd le 
TREE TATTLE ab IS 
e r^ U^ 
- ra re 
E 
= &| Is 
a ol Le 
zZ un 
mn min mini Gei wu Aral) un u^ [un WALA iu Miu 
61212121212 [2/212121212 z ziziziziziziziz Z 2|z z|z|ziz|z|z|z|z JE Z z|2| |z|2 Z 
3 
C 
x a 
> s| Isis[s|e = S &| |2 
sIEISISISIO ^ an $ T | 
= 
III 3 RP - 
A Ka i c 
z|z|z z zz Zzlziziziziziz|ziziz|ziziziz|z Zizizizizisizziz| [Efe] lo z^ A E| la| la al Jalalalaly alalal el: 
Eee bE Fk erch Bla 2[2]2]212]2]2] eis z|2 SEI Gi [zi |2 z| izZ|ziziziz ziz|z| iz[£ z|z 
e| la| les el (slg Slat |e sisle sieja 
el [8] [als Su [Ele ER SÉIS SEE 
€ el 
2) | 
P 
e 
ALAM mMmiwia un Wii ni MIMO MiwMiwiw z 
ziziziziziz Z 212 313 TT vul u^ wv www wel & |^ wi Y mia Bm 
5 21212|2|2|2|2 212 z|2zzzzzzz az [2 2] 21212 SI) Z > ziziz| iz Z 
OS a| ja ` S s ||: s |: 
g = 
e e 
o 
A AR ini lin ln nin e 
z z|2|z|zIz|z z|z Z z 212121212 2121212 2121212 Eis] i2 
TT ? a 9e à E des ^ sie] | 
d" w^ c ; ws 
Cl ^ 2 al Je HEE ZEE E 
S a! | | 
wy CH 
S 
le ww un lee uw 2 
zz ziz Zz ziziz e Y « whwwlii ww 
dr pia Aa PELL Bt m ege e Fl | a 
d $ uE Je cl | sje s SS 
"zs c [2 e| lc ; E a6 SE 
! =|” am E 
TTY Besse ss |l T TTT 
wv 
ninia Apa A afan lan lan Lei z 
z|z|z|z. ziz|ziziziziz Z alutalniVailalalalal Eloa] Io A EL, a 2 
else elle z[zzzEZZI| B [2 SEI 212 z| Iz z| |Z Z. z|ziz| iziz 
3 3 g alal | |2le sl 
LEEPER TTT TT i à [8 | I: e DÉI Ss Sl | Ele 
e r- N Glen Olea 
] 


E > 
| | | | | | | | | 
121s) lai ilil | | ls lel | eee! IE ji 
ES AA ACA lA Rad di HL 


Det Limit 


INS 


['NDINS | 


PH V: EAST(10/90) 


Result 


1e 


Det Limit 
71.00 


N 
NS 


ons | um 
~_e Ne | =| 1mm 


PH V: WEST(10/90) 


Result 


DÉI 
it 48 
_ 
630.00 


Det Limit 
Ber.) 
E —| 
AE 
E 
EI 
¡A 
Y 
MU 
[- uM 
Do. c 
umm. 
RT 
BER 
|. 500 — 
“En 
NDS | a 


ND 
N 
NSS | ae 


E NS j| Ns 
O 
T ae 
EE — 
E A 
Es 
par xg 
Bee 
LX 
"m m 
x 
= mq 
ae 
me 
asc MA 
| 
L EN 
za 
EN 
| | 
E 
"m m 
CT" 
uu 
[T 


| ND/NS | 
EIE 
ETUR 
UNS 
ENS 3 
MENS 3 
ENS 7 
E RIEN 
ENSE | 
ENS 3 
WE 
E RE 
Lunge 
LINDE 
EXE 
NS 


PH 111, IV: EAST(10/90) 


ur 
19.00 


1000.00 


1100.00 
Se [| NS 0 | 


Le Leg | 
O NS | Le e 
0.80 
Lc 
Ree 
| 
[. MEN 
mu 
EN 
| EN 
[ES 
HA 
x 
E 
zen 
Le 
a 
| HN 
gÉ- 
| NNNM 
NE 
UNE | 
D GA 
| 
LEE 


NS 


RER 
ENS E 
| Ns] 
ENSE 
MENS 
BENS 
ENS A 
ENS 
NSE | 
L Ns | 
ENS 
ENS A 
[ Ns] 
CR 
ENDE 
NS 
NS 
ND/NS 
[ NDS 


PH 111, IV: WEST (10/90) 


Result 
| us | 
Mis | 
[E | 
Em | 
a 
= 
| NE 
BE 
| 1 
| NNNM 
w 
E 
EE — 
| NS 
Ss 
48000 | |  — | 46000 
Era 
CG NS j 
P= 
INS 
mem 
| 
IE NS | 
BENS | 
f | 300. 
CT | 
E x 
N NS 
EMS 
NS 
lp | 
NF NS 
EN NS | 
ONS i 
m 
m 
I NE 
[Ns 


COMP, JUN 90 
NS 
NS 
ND/NS 
NS 


up 


880.00 
5.00 
NR 
AE | 
ES: 
RER 
Ke 
adm: 
E 
e 
p 
4300.00 
220.00 
[ 3100 ] 
LN 
a 
E 7 
3%] 
- —5] 
2100.00 
23$.00 
[160000 
Ee? 
Ss? 


Det Limit 
2 


ND/NS 


Nae 
ECKE 
Esch 
RS 


COMP, MAY 90 


1000.00 


Det Limit 
ESE 
EA Al 
E — 
ll 
A 
E- - X 
ER 7 
EA 
Be | 
Lee 
¡SUS 
B 9 
— 3 
m 5.008 
L 200 | 
E || 
Eme 
ERU 
— J| 
BEES 1 
EES 
E 
[A 
WS) 
e 
WEE 
| 
¡E 
| 
E | 
E 
LL ELI 
EE ER 
uy 
O 2 
EAT | 
ERES 


3 


COMP, DEC 39 
Result 
D 
N 
70 


580.00 


Det Limit 
57 


COMP, MA Y $9 
Reut 
ND/NS 


37.00 
1000.00 
1200 


Det Limit 


E g 
[ NDINS 
BEI d 
BRE N 
NS | 
Ca 
—Ns | 
NS 
[Ns | 
B NS | 
MENS E] 
Ecg 
a: NS 
PNE 
Ce 
CS 
LXI 
| e wl 
ND/NS 
TS 
¡NS Y 
NS 


COMP, DEC $$ 
Result 


980.00 
7.07 
03 
0 


0 


6550.00 


Det Limit 
Bees | 
E a] 
¡A 
KEEN 
[A 
ES 
BR 
| 
= NN 
Br 
WS 
Wees, 
' 
[100 | 
[- LOOR | 
[mI 
| M 
Be) 
NE «| 
E j 
| 
| 
| | 
eS) 
[ENT 
| | 
| | 
RE 
= | 
Le "ED 
E p 
| 
(eege, 
| —— | 
| | 


PH IV, APR 8$ 
NS 


Result 
ENS | 
0.00 
1500 00 
5950.00 


BET. 
Ce 
ND/NS 
[NS | 
[— Ns. 
[ANS 
[NS | 
Ense 
Ense 
CR 
ns |] 
[— Ns | 
ANS | 
MS 
ns 7] 
PENSA 
A 
NS 
| 
ND/NS 


nol 


Dim: Buty | phikalate 


ded Solids 


hthene 
henone 


3. Dhchlotoethane 


3-Diowane 


Methsl Ec | Kelone (MEK) 
lenes (Towl} 


(2: Eths lhews [phthalate 


nchlorofTooromeuwUane 
4:Dirneths 


1.1.1: Tachloroc thane 


Tnchloroethy lene 
Toul Dissolved Solids 


Herbicides Pesticides 
-BHC 

Endrin 

Dietárin 

Damethoate 


Methylene Chloride 
Alp 


oluene 


Eths Ibernizene 


23.5-T 
HıCDD 
HıCDF 
Toul Sus D 


L4-D 


Disulfoton 


ri 


Berzoic Acid 


cena 
ceto 


r= 


NS- No Samo lod 
NO + Nos Deraciad 


x 


vk, Enforczablo Croundu eux Standards 
Sundardı 


KL. At a en 
E. mr ( onles cani 1a el; Enforceabic Grouadwater Suandardı 
Secosdarı ax eum Conlemmani Les 
Concentration »- Not Enforceable 


dance 


90 





Table A.33: Characteristics of the Sanifill Landfills of Houston, Texas. 


LANDFILL. 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


MEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


Houston Landfills, Texas. 


Sanifill Inc. 
Houston, Texas. 


Properties of Leachate from Construction/Demolition Waste 
Landfills 

James M. Norstrom, Charles E. Williams, and Paul A. Pabor. 
In Proceedings Fourteenth Annual Madison Waste Conference, 
Sept 25-26, 1991 


Construction waste and demolition debris. Includes in descending 
order of % volume: wood brush, and grass; concrete, rock, 
asphalt, and soil; paper and cardboard; metal, rubber, plastic, and 
glass. 


Unknown. 

Opened in mid to late 1980's. 

Yes. 

Unknown. 

Leachate sample taken from leachate wells developed at each of the 
landfills for this study. Approximate depth to the bottom of the 
wells from the top of the landfills ranged from 23 to 60 feet. 

The investigators sampled leachate from three C&D landfills owned 
by Sanifill and located in Houston Texas. Two samples were taken 
from each landfill and analyzed for a variety of parameters. Only 


the minimum and maximum analytical results were presented in the 
report. 
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Table A.34; Sampling for the Sanifill Landfills of Houston, Texas. 
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Table A.35: Characteristics of the SKB Rich Valley Demolition Waste Facility, Minnesota. 


LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


MEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


SKB Rich Valley Demolition Waste Management Facility, 
Minnesota. 


SKB Demolition Waste Disposal. 
25] Starkey Street 
St. Paul, Minnesota 55107 


Potential for Environmental Impairment at the SKB Rich Valley 
Demolition Waste Management Facility 

Prepared by Interpoll Laboratories for 

SKB Demolition Waste Disposal 


Construction waste and demolition debris. This includes concrete, 
brick asphalt, stucco, rock/gravel, metal, roofing, wood etc. 
Garbage, yard wastes, liquids, septic tank pumping, tires, 
appliances, and fertilizers are prohibited at the facility. 

69 acres. 


Opened in August 1989. 


Two foot compacted clay liner with three foot protective drainage 
layer. 


Leachate collection system installed consisting of PVC collection 
pipes and lift station. Leachate disposed of off-site. 


Leachate sampled from leachate collection system. 
Groundwater contamination in the area surrounding the facility 
existed prior to opening the facility. Notably, drinking water 


quality criteria for iron, manganese and total dissolved solids were 
exceeded in baseline groundwater samples. 
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Table A.36: Sampling for the SKB Rich Valley Landfill of Maryland. 
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NS - Not $ungled 
ND - Not Detecled 


Det Limit - Sunpling Detechon Limit 


MCL - Maxpnur Coutuninuit Level, Ejiforceable Groundwaler Sl arefaráa 


IMCL- Secondary Maxinuim Contaminant Level, Eeforceabte Groundwater Standards 


Ovidanec Ceoncatraitons Not Falorceshle Standards 








Table A.37: Characteristics of the South Carolina Landfill. 


LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


South Carolina Landfill. 
Unknown. 


South Carolina Department of Health and Environmental Control 
Presented in C&D Waste Landfills, Leachate Quality Data, 
Volume 1. 

Prepared by Gershman, Brickner & Bratton, Inc. 

For the National Association of Demolition Contractors. 


Demolition debris and landclearing debris. 


Unknown. 


Unknown. 


Unknown. 


Unknown. 


Unknown. 


None. 
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Table A.38: Sampling for the South Carolına Site. 


1994 Primary | Secondary | Guidance 
Result Detitmh]| MCL MCL 
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Table A.39: Characteristics of the South Windsor Site of Connecticut. 


LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


WASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


EINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


South Windsor Site, Connecticut. 

Unknown. 

Bulky Waste Leachate Characterization Survey 

Maurice Hamel, Connecticut Department of Environmental 
Protection 

Presented in C&D Waste Landfills, Leachate Quality Data, 
Volume 2. 

Prepared by Gershman, Brickner & Bratton, Inc. 

For the National Association of Demolition Contractors. 
Demolition debris and landclearing debris. 

3 acres. 

Opened between 1969 and 1975. 


Unknown. 


Unknown. 


Leachate sample taken from seep at the base of landfill. 


Two samples taken from SW 3 in 1987 by Geotoxi as part of site 
closures. 
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Table A.40: Sampling for the South Windsor Bulky Waste Landfill of Connecticut. 
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NS - Not Saroled 
ND - No) Detected 


Da Limi - Sampling Detection Luni 


MCL: Maximuin Comamnat Level; Enforceable Groundwater Standai di 


SMCI Secondary Massen Contaninant Level; Enforcesble Oroundwater Stndarda 


Unidaice Conantialipcua: Not Eafucesble Standards 








Table A.41: Characteristics of the Wisconsin Site. 


LANDFILL: 


OWNER/OPERATOR: 


LITERATURE SOURCE: 


BVASTE TYPE: 


ACREAGE: 


YEARS IN SERVICE: 


LINER SYSTEM: 


LEACHATE SYSTEM: 


LEACHATE SAMPLE: 


MISCELLANEOUS: 


Wisconsin Site. 

Unknown. 

Construction and Demolition Landfill Leachate Characterization 
Study 

Prepared by Rust Environments & Infrastructure for 


WMX Technologies, Inc. 


Demolition debris and landclearing debris. Includes brick, concrete, 
wood, metals, and roofing shingles. 


Unknown. However, capacity is estimated at 50,000 cubic yards. 
Began operations in August 199]. 

Ten foot thick clay liner with a two foot thick drainage layer. 
Yes. 


Taken at the low point of the fill area where leachate collected and 
was visible. 


None. 


> 





Table A.42: Sampling for the Wisconsin Site. 
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APPENDIX B: 
TEST METHODS 


& 
METHOD DETECTION LIMITS 
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APPENDIX C: 


PROBABILITY PLOTS 
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Confidence Interval for Cadmium: Using Aitchinson's Method. 
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Nonparmetric Confidence Intervals for Selected Compounds 
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